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5S3 Rec'd PCT/PTO 14 SEP 2000 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of 

GROSE et al. Atty. Ref . : 1430-252 

Serial No. (To Be Assigned) Group: 

National Phase of PCT/GB99/00838 

Filed: September 14, 2000 Examiner: 

For: MAMMALIAN SODIUM CHANNEL PROTEINS 

September 14, 2000 

Assistant Commissioner for Patents 

Washington, DC 20231 

Sir: 

PRELIMINARY AMENDMENT 

Prior to calculation of the filing fee and in order to place the above identified application in better 
condition for examination, please amend the claims as follows: 
IN THE CLAIMS 

Claim 3, line 1, delete "or 2", 

Claim 5, line 2, change "any one of claims 1 to 4" to -claim 1-, 
Claim 10, line 2, delete "or 9", 

Claim 11, line 1 and 2, change "any one of claims 5 to 9" to -claim 5-, 
Claim 13, line 2, change "any one of claims 1 to 4" to -claim 1-, 
Claim 14, line 1, change "any one of claims 1 to 4" to -claim 1-, 
Claim 15, line 2, change "any one of claims 1 to 4" to -claim 1-, 
Claim 16, line 2 and 3, change "any one of claims 1-4" to -claim 1-, 
Claim 17, line 1, delete "or 16", 
Claim 18, line 1, delete "or 16", 

Claim 19, line 2, change "any one of claims 1 to 4" to -claim 1~, 
line 4, delete "or 16". 

REMARKS 

The above amendments are made to place the claims in a more traditional format. 

Respectfully submitted, 
NIXON & VANDE1 
By: 

Arthur R. ^Crawford 
Reg. No. 25,327 

ARC:ms 

1 100 North Glebe Road, 8th Floor 
Arlington, VA 22201-4714 
Telephone: (703)816-4000 
Facsimile: (703)816-4100 
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| MAMMALIAN SODIUM CHANNEL PROTEINS 

This invention relates to a novel voltage-gated sodium ion channel (herein "sodium 
channel"), nucieotides coding for it. vectors and host cells containing the same and 
methods of screening for modulators of said channel for the alleviation of pain and 
use in hypersensitivity pathologies. 

Voltage-gated sodium channels are responsible for the rising phase of the action 
potential and as such, play a key role in mediating electrical activity in excitable 
tissues. The sodium channel is activated in response to depolarisation of the 
membrane. This causes a voltage-dependent conformational change in the channel 
from a resting, closed conformation to an active conformation, the result of which 
increases the membrane permeability to sodium ions (1.2). 

Voltage-gated sodium channels comprise a multi-subunit complex consisting of a 
large (230-270kDa) highly glycosylated alpha (a) subunit which is usually associated 
with one or two of the smaller beta (b) subunits (bl and b2) (3). The alpha subunits 
of voltage-gated sodium channels form a large multigene family which has expanded 
over recent years and at least nine different genes have now been identified in 
mammals (4-10). This alpha subunit consists of four homologous domains (DI-IV), 
each containing six potential a-helical transmembrane segments (SI-S6) which make- 
up the pore forming region. Domains critical for the function of the channel are 
highly conserved throughout the family of voltage-gated sodium channels. These 
include the S4 voltage sensors, the loop between domains III and IV which is 
involved in the inactivation of the channel and the SSI and SS2 segments of the 
extracellular loop between transmembrane regions S5 and S6. which are responsible 
for the channels vestibule and ion selectivity (11-13). b subunits appear to have a 
role in altering the kinetics of the sodium channel during activation and inactivation 
gating. Expression of the b subunits has been associated with an increase in peak 
current and a role in trafficking of the a subunit to the membrane (14-1 7). 
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The most potent blocker of voltage gated sodium channels is the puffer fish toxin, 
tetrodotoxin. (TTX). While most voltage-gated sodium channels are inhibited by low 
nanomolar concentrations of TTX. there are two channels which are only inhibited by 
micromolar concentrations of TTX. These are the major cardiac channel (hi or 
SKM2) and the sensory neurone specific channel (SNS/PN3) (3,6.7). 

Sensory neurones of mammalian dorsal root ganglion (DRG) cells transmit sensory 
information from the periphery to the central nervous system and are known to 
express at least three distinct kinetic types of voltage-gated sodium currents. The 
small diameter neurones co-express a rapidly inactivating, fast TTX-sensitive current 
and a slowly activating and inactivating TTX-resistant sodium current. The larger 
diameter cells only express TTX-sensitive sodium currents which have intermediate 
activation and inactivation kinetics (19.20). This electrophysiological analysis has 
now been supported by molecular distribution studies, which suggest that there is a 
dynamic expression of voltage-gated sodium channels in DRG neurones which can 
change during development, response to injury and upon exposure to inflammatory 
mediators (21-24). The small diameter neurones are unmyelinated and are involved in 
the transmission of pain impulses, these are the so called c-fibres or nociceptive 
neurones (25). 

Recent experimental evidence has associated and implicated sodium currents with the 
chronic pain and hypersensitivity pathologies of both inflammatory and neuropathic 
origin. For example in the small diameter nociceptive neurones, hyperalgesic agents 
such as prostaglandin E 2 (PGE 2 ) and serotonin enhance TTX resistant sodium currents 
and decrease the threshold for inactivation (26-28). Neuronal injury produces 
dramatic changes in sodium channel expression and distribution, for example 
accumulation of TTX-sensitive sodium channels at the neuroma of lesioned axons is 
thought to be responsible for formation of ectopic discharges (29. 30). In each case 
the neuronal hyperexcitability that results is highly likely to contribute to the 
induction and maintenance of this sensitised state. It follows that voltage-gated 
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sodium channels in sensory neurones may provide a highly tractable and attractive 
target for the development of novel analgesic and anti-hypersensitivity agents. 

This supposition is supported by the observation that anaesthetic, anticonvulsant and 
antiarrythmic drugs, each with sodium channel blocking activity, can produce 
analgesia. For example, it has been recognised that sub-anaesthetic doses of 
lignocaine and bupivocaine elevate pain thresholds in man (31.32). In addition the 
anticonvulsant agents, phenytoin. carbamazepine and the class la antiarrythmic agent 
mexilitene are used clinically for neuropathic pain (33-35). The anticonvulsant 
lamotrigine is also weakly analgesic (36). 

This invention provides a novel voltage-gated sodium channel specifically found in 
the small diameter subset of mammalian sensory neurones. This novel channel will 
be termed sensory neurone specific 2a (SNS 2a ). The term "SNS 2a " as referred 
hereinafter will principally mean rat SNS 2a but may also be reference to the human 
form of the channel. 

Nucleotide sequence analysis of SNS 2a rat cDNA (SEQ.I.D.NO:l) reveals a 5298bp 
open reading frame which encodes a 1765 amino acid protein (SEQ.I.D.NO:2). This 
deduced protein sequence shares manv of the characteristic features associated with 
the voltage-gated sodium channel gene family, for example SNS 2a contains four 
homologous repeat domains each comprising six putative membrane spanning 
segments. A serine residue (S-355) is found at the site critical for TTX sensitivity and 
based on experiments with SNS/PN3. this residue should confer TTX resistance on 
clone SNS, a (37). The predicted first intracellular loop region connecting the first and 
second repeat domains is considerably shorter than the corresponding region in many 
of the other voltage-gated sodium channels including SNS/PN3. the cardiac channel 
and the brain channels. Computer generated alignment of SNS 2a against the other 
members of the voltage-gated sodium channel gene family shows this ion channel to 
be distinct from any of the channels identified to date. 
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One aspect of the invention therefore provides an isolated mammaiian sensory 
neurone sodium channel protein as set forth in SEQ.l.D.NO:2. Preferably the sodium 
channel of the invention is found in the neurones of the dorsal root ganglia. The 
sodium channel protein may be derived from any mammalian species, preferably the 
rat or human. 

Included within the invention are variants of the sodium channel SNS, a . Such variants 
include fragments, analogues, derivatives, and splice variants. The term "variant" 
refers to a protein or part of a protein which retains substantially the same biological 
function or activity as SNS 2a . 

Fragments can include a part of SNS 2a which retains sufficient identity of the original 
protein to be effective for example in a screen. Such fragments may be probes such 
as the ones described hereinafter for the identification of the full length protein. 
Fragments may be fused to other amino acids or proteins (so-called "fusion" proteins) 
or may be comprised within a larger protein. Such a fragment may be comprised 
within a precursor protein designed for expression in a host. Therefore in one aspect 
the term fragment means a portion or portions of a fusion protein or polypeptide 
derived from SNS 2a . 

Fragments also include portions of SNS 2a characterised by structural or functional 
attributes of the protein. These may have similar or improved chemical or biological 
activity or reduced side-effect activity. For example fragments may comprise an alpha 
helix or alpha -helix forming region, beta sheet and beta-sheet forming region, turn 
and turn forming regions, coil and coil-forming regions, hydrophilic regions, 
hydrophobic regions, amphipathic regions (alpha or beta), flexible regions, surface- 
forming regions, substrate binding regions and regions of high antigenic index. 

Fragments or portions may be used for producing the corresponding full length 
protein by peptide synthesis. 
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Derivatives include naturally occurring allelic variants. An allelic variant is an 
alternate form of a protein sequence which may have a substitution, deletion, insertion 
rearrangment or addition of one or more amino acids, which does not substantially 
alter the function of the protein. Derivatives can also be non-naturally occurring 
proteins or fragments in which a number of amino acids have been substituted, deleted 
or added. Proteins or fragments which have at least 70% identity to SNS 2a are 
encompassed within the invention. Preferably the identity is at least 80%, more 
preferably at least 90% and still more preferably at least or greater than 95% identity 
for example 97%. 98% or even 99% identity to SNS 2a . 

Analogues include but are not limited to precursor proteins which can be activated by 
cleavage of the precursor portion to produce an active mature protein or a fusion with 
a compound such as polyethylene glycol or a leader/secretory sequence to aid 
purification. 

A splice variant is a protein product of the same gene, generated by alternative 
splicing of mRNA. that contains additions or deletions within the coding region 
(Lewin N (1 995) Genes V Oxford University Press. Oxford. England). The present 
invention provides splice variants of the SNS 2a sodium channel that occur naturally 
and which may play a role in changing the activation threshold of the sodium channel. 

The protein or variant of the present invention may be a recombinant protein, a natural 
protein or a synthetic protein, preferably a recombinant protein. 

A further aspect of the invention provides an isolated and/or purified nucleotide 
sequence e.g. DNA or RNA which encodes a mammalian sodium channel as 
described above, or a variant thereof. Also included within the invention are anti- 
sense nucleotides or complementary strands. 

Preferably, the nucleotide sequence encodes a rat or human sodium channel. The 
nucleotide sequence may comprise the sequence of the coding portion of the 
nucleotide sequence shown in SEQ.I.D.NO:! . 
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A nucleotide sequence encoding a sodium channel of the present invention may be 
obtained from a cDNA or a genomic library derived from mammalian sensory 
neurones, preferably dorsal root ganglia. 

The nucleotide sequence may be isolated from a mammalian cell (preferably a human 
cell), by screening with a probe derived from the rat or human sodium channel 
sequence, or by other methodologies known in the art such as polymerase chain 
reaction (PCR) for example on genomic DNA with appropriate oligonucleotide 
primers derived from or designed based on the rat or human sodium channel sequence 
and/or relatively conserved regions of known voltage-gated sodium channels. A 
bacterial artificial chromosome library (BAC) can be generated using rat or human 
DNA for the purposes of screening. 

The nucleotide sequences of the present invention may be in form of RN A or in the 
form of DNA. which DNA includes cDNA. genomic DNA. and synthetic DNA. The 
DNA may be double-stranded or single-stranded, and if singie stranded may be the 
coding strand or non-coding (anti-sense) strand. The coding sequence which encodes 
the sodium channel or variant thereof may be identical to the coding sequence set 
forth in the SEQ.I.D NO: 1 . or may be a different coding sequence which as a result of 
the redundancy or degeneracy of the genetic code, encodes the same protein as the 
sequences set forth therein. 

A nucleotide sequence which encodes an SNS 2a sodium channel may include: a 
coding sequence for the full length protein or any variant thereof: a coding sequence 
for the full length protein or any variant thereof and additional coding sequence such 
as a leader or secretory sequence or a proprotein sequence; a coding sequence for the 
full length protein or any variant thereof (and optionally additional coding sequence) 
and non-coding sequences, such as introns or non-coding sequences 5" and/or 3" of 
the coding sequence for the full length protein. 
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The invention also provides nucleotide variants, analogues, derivatives and fragments 
which encode SNS 2a . Nucleotides are included which preferably have at least 70% 
identity over their entire length to SNS^. More preferred are those sequences which 
have at least 80% identity over their entire length to SNS 2a . Even more preferred are 
polynucleotides which demonstrate at least 90% for example 95%. 97%. 98% or 99% 
identity over their entire length to SNS 2a . 

The present invention also relates to nucleotide probes constructed from the 
nucleotide sequences of an SNS 2a sodium channel protein or variant thereof. Such 
probes could be utilised to screen a dorsal root ganglia cDNA or genomic library to 
isolate a nucleotide sequence encoding an SNS 2a sodium channel. The nucleotide 
probes can include portions of the nucleotide sequence of the SNS 2a sodium channel 
or variant thereof useful for hybridising with mRNA or DNA in assays to detect 
expression of the SNS 2a sodium channel or localise its presence on a chromosome 
using for example fluorescence in situ hybridisation (FISH) as described in the 
examples. 

The nucleotide sequences of the invention may also have the coding sequence fused in 
frame to a marker sequence which allows for purification of the protein of the present 
invention such as hexa-histidine tag or a hemagglutinin (HA) tag or aliows 
determination in screening assays of effective blockage of SNS 2a or its modulation. 

Nucleotide molecules which hybridise to SNS 2a , or to complementary nucleotides 
thereto also form part of the invention. Hybridisation is preferably under stringent 
hybridisation conditions. One example of stringent hybridisation conditions which is 
sometimes used is where attempted hybridisation is carried out at a temperature of from 
about 35°C to about 65°C using a salt solution which is about 0.9 molar. However, the 
skilled person will be able to vary such conditions as appropriate in order to take into 
account variables such as probe length, base composition, type of ions present, etc. 

The nucleotide sequences of the present invention may be employed for producing the 
SNS 2a sodium channel protein or variant thereof by recombinant techniques. Thus, for 
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example the nucleotide sequence may be included in any one of a variety of 
expression vehicles or cloning vehicles, in particular vectors or plasmids for 
expressing a protein. Such vectors include chromosomal, non-chromosomal and 
synthetic DNA sequences. Examples of suitable vectors include derivatives of 
bacterial plasmids: phage DNA: yeast plasmids; vectors derived from combinations of 
piasmids and phage DNA and viral DNA. However, any other plasmid or vector may 
be used as long as it is replicabie and viable in the host. 

More particularly, the present invention also provides recombinant constructs 
comprising one or more of the nucleotide sequences as described above. The 
constructs comprise an expression vector, such as a plasmid or viral vector into which 
a sequence of the invention has been inserted, in a forward or reverse orientation. In a 
preferred aspect of this embodiment, the construct further comprises one or more 
regulatory sequences to direct mRNA synthesis, including, for example, a promoter, 
operably linked to the sequence. Suitable promoters include: CMV. LTR or SV40 
promoter and other promoters known to control expression of genes in prokaryotic or 
eukaryotic cells or their viruses. The expression vector may contain an enhancer and a 
ribosome binding site for translation initiation and transcription terminator. 

Large numbers of suitable vectors and promoters/enhancers, will be known to those 
of skill in the art. but any plasmid or vector, promoter/enhancer may be used as long 
as it is replicabie and functional in the host. 

Appropriate cloning and expression vectors for use with prokaryotic and eukaryotic 
hosts include mammalian expression vectors, insect expression vectors, yeast 
expression vectors, bacterial expression vectors and viral expression vectors and are 
described in Sambrook et al.. Molecular Cloning: A Laboratory Manual. Second 
Edition. Cold Spring Harbor. NY.. (1989). A preferred vector is pBK-CMV. 

The vector may also include appropriate sequences for selection and/or amplification 
of expression. For this the vector will comprise one or more phenotypic 
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selectable/amplifiable markers. Such markers are aiso well known to those skilled in 
the art. 

In a further embodiment, the present invention provides host cells capable of 
expressing a nucleotide sequence of the invention. The host cells can be. for example, 
a higher eukaryotic cell, such as mammalian cell or a lower eukaryotic cell, such as a 
yeast cell or a prokaryotic cell such as a bacterial cell. Suitable prokaryotic hosts for 
transformation include E-coli. Suitable eukaryotic hosts include HEK293 cells. 

Cell-free translation systems can also be employed to produce such proteins using 
RNAs derived from the DNA constructs of the present invention. 

The SNS 2a a sodium channel protein is recovered and purified from recombinant cell 
cultures by methods known in the art. including ammonium sulfate or ethanol 
precipitation, acid extraction, anion or cation exchange chromatography, 
phosphocellulose chromatography and lectin chromatography. Protein refolding steps 
may be used, as necessary, in completing configuration of the mature protein. Finally, 
high performance liquid chromatography (HPLC) can be employed for final 
purification steps. 

The proteins and nucleotides sequences of the present invention are preferably 
provided in an isolated form. The term "isolated" means that the material is removed 
from its original environment (e.g.. the naturally-occurring nucleotide sequence or 
protein present in a living animal is not isolated, but the same nucleotide sequence or 
protein, separated from some or all of the materials it co-exists with in the natural 
system, is isolated). Such nucleotide sequence could be part of a vector and/or such 
nucleotide sequence or protein could be part of a composition, and still be isolated in 
that such vector or composition is not part of its natural environment. The proteins 
and nucleotides sequences of the present invention are also preferably provided in 
purified form, and preferably are purified to at least 50% purity, more preferably 
about 75% purity, most preferably 90% purity or greater such as 95%. 98% pure. 
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The present invention also provides antibodies specific for the SNS 2a sodium channel. 
The term antibody as used herein includes all immunoglobulins and fragments thereof 
which contain recognition sites for antigenic determinants of proteins of the present 
invention. The antibodies of the present invention may be polyclonal or preferably 
monoclonal, may be intact antibody molecules or fragments containing the active 
binding region of the antibody, e.g. Fab or F(ab) 2 The present invention also includes 
chimeric, single chain and humanised antibodies and fusions with non- 
immunoglobulin molecules. Various procedures known in the an may be used for the 
production of such antibodies and fragments. 

The proteins, their variants especially fragments, derivatives, or analogues thereof, or 
cells expressing them can be used as an immunogen to produce antibodies thereto. 
Antibodies generated against the SNS :a sodium channel can be obtained by direct 
injection of the polypeptide into an animal, preferably a non-human mammal. The 
antibody so obtained will then bind the protein itself. In this manner, even a sequence 
encoding only a fragment of the protein can then be used to generate antibodies 
binding the whole native protein. Such antibodies can then be used to locate the 
protein in tissue expressing that protein. 

The antibodies of the present invention may also be of interest in purifying an SNS :a 
protein and accordingly there is provided a method of purifying an SNS :a or any 
portion thereof which method comprises the use of an antibody of the present 
invention. 

The present invention also provides methods of identifying modulators of the sodium 
channel. Screens can be established for SNS 2a enabling large numbers of compounds 
to be studied. High throughput screens may be based on U C guanidine flux assays and 
fluorescence based assays as described in more detail below. Secondary screens may 
involve electrophysiological assays utilising patch clamp technology or two electrode 
voltage clamp to identify small molecules, antibodies, peptides, proteins, or other 
types or compounds that inhibit, block, or otherwise interact with the sodium channel. 
Tertiary screens may involve the study of the modulators in well characterised rat and 
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mouse models of pain. These models of pain include, but are not restricted to. intra- 
plantar injection of inflammatory agents such as carageenan. formalin and complete 
freunds adjuvant (CFA). Models of neuropathic pain such as loose ligature of the 
sciatic nerve are also included. 

The invention therefore provides a method of assaying for a modulator comprising 
contacting a test compound with the sodium channel and detecting the activity or 
inactivity of the sodium channel. Preferably, the methods of identifying modulators 
or screening assays employ transformed host cells that express the sodium channel. 
Typically, such assays will detect changes in the activity of the sodium channel due to 
the test compound, thus identifying modulators of the sodium channel. 

For example, host cells expressing the sodium channel can be employed in ion flux 
assays such as 22 Na+ ion flux and l4 C guandinium ion assays, as described in the 
examples and in the art. as well as the SFBI fluorescent sodium incubator assays as 
described in Levi et al.. (1994) J Cardiovascular Electrophysiology 5.-241-257 and 
voltage sensing dyes such as DiBAC. Host cells expressing the SNS 3a sodium 
channel can also be employed in binding assays such as the 3-H- batrachotoxin 
binding assay described in Sheldon et al.. (1986) Molecular Pharmaeology 30:617- 
623: the 3-H- saxitoxin assay as described in Rogart et al (1983) Proc Natl. Acad. Sci. 
USA 8Ck 1 106-1 1 10: and the scorpion toxin assay described in West et al.. (1992) 
Neuron 8: 59-70. 

In general, a test compound is added to the assay and its effect on sodium flux is 
determined or the test compound's ability to competitively bind to the sodium channel 
is assessed. Test compounds having the desired effect on the sodium channel are then 
selected. 

Modulators of the sodium channel will impede or prevent the transmission of 
impulses along sensory neurones and thereby be useful in the treatment of acute, 
chronic or neuropathic pain i.e. production of an analgesic effect and or in the 
treatment of hypersensitivity pathologies. Modulators of the present invention and 
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medicaments comprising the same may also be particularly useful in the the treatment 
of pain associated with inflammatory conditions e.g. arthritic conditions such as 
rheumatoid arthritis. The invention therefore provides a modulator of a protein or a 
variant thereof as described above identifiable by a method described above for use in 
therapy. The invention further provides the use of a modulator of a sodium channel 
protein optionally identifiable by a method described above for the manufacture of an 
anaigesic or anti-hypersensitvity medicament. Such medicaments are typically 
pharmaceutical compositions comprising an effective amount of the modulator 
together with stabilisers, preservatives and the like as known and called for by 
accepted pharmaceutical practice. Effective amounts of the modulator, i.e. 
therapeutically effective amounts, may be determined according to routine methods 
known to those skilled in the art. The invention further provides a method of 
treatment which comprises administering to a patient an effective amount of a 
modulator of a protein as described above. Treatment protocol will depend on a 
number of considerations including the severity of the condition to be treated, such 
considerations being within the purview of the attending physician. Modulators of the 
present invention may also be used in conjunction with e.g. simultaneously, 
sequentially or separately with modulators of the ion channel disclosed in 
PCT/GB96/01523. the entire contents of which are incorporated herein by reference 
and to which the reader is specifically referred. 



Complementary or anti-sense strands of the nucleotide sequences as hereinabove 
defined can be used in gene therapy. For example, the cDNA sequence or fragments 
thereof could be used in gene therapy strategies to down regulate the sodium channel. 
Antisense technology can be used to control gene expression through triple-helix 
formation of antisense DNA or RNA. both of which methods are based on binding of 
a nucleotide sequence to DNA or RNA. 

A DNA oligonucleotide is designed to be complimentary to a region of the gene 
involved in transcription thereby preventing transcription and the product of the 
sodium channel. The antisense RNA olignucleotide hybridises to the mRNA in vivo 
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Figure 11: shows biophysical and pharmacological properties of recombinant rat 
SNS :a Na" channels expressed in HEK293T cells. Representative current records are 
shown along with their peak current- voltage relationships (A.BV Capacitance 
transients have been blanked for clarity. Pannel C illustrates the effect of TTX on 
SNS 2a . It is resistant to sub u.M concentrations of TTX. compared with the nM 
sensitivity of TTX sensitive sodium channels. 

The following examples are for illustrative purposes only and are not limiting of the 
invention. 

Example 1: DRG cDNA Library screening 
Example la: Obtaining The Probe 

A sodium channel probe was generated to allow screening of a rat DRG cDNA library 
with the aim to identify novel sodium channels present in the DRG. A pan specific 
sodium channel probe was obtained from Polymerase chain reaction (PCR) 
experiments using rat genomic DNA as the template and degenerate PCR primers 
designed from within the 3' coding regions of the brain II. heart, skeletal muscle and 
glial voltage-gated sodium channel. The oligonucleotide primers used for this 
analysis were as follows. FORWARD PRIMER (5" CCTG/CGTCATGTTCATCTAC 
3". and REVERSE PRIMER (5* CTCATAA/GGAA/GAC/TCTTGGAG/AGGG 3"). 
The PCR conditions used, were 94°C for 30 seconds. 50°C for 1 minute and 72°C for 
2 minutes. These conditions were used for 35 cycles of PCR. The resulting PCR 
products were separated on a 1% agarose gel and cloned into the TA cloning kit 
(Invitrogen) according to manufacturers instructions. The resulting clones were taken 
for sequence analysis and separate clones were identified with identical sequence to 
the published rat brain II. heart, skeletal muscle and glial voltage-gated sodium 
channels. 
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Figure 2 depicts the position of SEQ.I.D.NO:3 to SEQ.I.D.NO: 1 7 relative to the rat 
SNS ;a clone. 

Figure 3 shows the localisation of human SNS 2a to human chromosome 3p21. 

Figure 4 shows rat multiple tissue Northern Blot probed with SNS, a . Lane 1 = DRG: 
Lane 2 = Spina! cord; Lane 3 = Total brain; Lane 4 = Adrenal gland; Lane 5 = Heart; 
Lane 6 = PC 1 2; Lane 7 = PC 12 + NGF; Lane 8 = RNA markers. 

Figure 5 In situ hybridisation in rat DRG tissue using an SNS 2a specific probe. Figure 
5a) shows a sense probe and 5b) shows an anti-sense probe. 



Figure 6 shows localisation of SNS ;a to human DRG 



Figure 7 Northern blot probed with SNS 2a using DRG tissue taken from rat pain 
models. Lane 1 = Control DRG; Lane 2 - DRG + 24 hours complete freunds 
adjuvant (CFA); Lane 3 = DRG + 24 hours sciatic nerve cut; Lane 4 = DRG + 48 
hours sciatic nerve cut; Lane 5 = DRG + 7 days sciatic nerve cut. 

Figure 8 illustrates the three vectors into which rat SNS,., has been cloned: 
pBluescript. pCI-neo and pC!N5. 

Figure 9: shows photomicrographs of SNS 2a and SNS/PN3 staining for mRNA and 
protein. D.E. F confirm SNS, a labelling is found exclusively in small neurons (10- 
25pm diameter). Double labelling for SNS, 3 and SNS/PN3 mRNA and protein 
(G.H.I.J) shows colocalisation in small neurons ( arrows): larger neurons can be seen 
positive for SNS/PN3 but negative for SNS :a (arrowheads). 

Figure 10: Immunoprecipitation Western blot showing specific staining in the lanes 
from ceils transfected with SNS, a DNA with the two antipeptide antibodies designed 
to SNS 2a . Control lanes, where cells were transfected with yellow fluorescent protein 
(YFP) show no staining. 
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and blocks translation of the mRNA into the sodium channel. Antisense 
oligonucleotides or an antisense construct driven by a strong constitutive promoter 
expressed in the target sensory neurons would be delivered either peripherally or to 
the spinal cord, optionally by minimally invasive e.g. endoscopic, means. 

The regulatory regions controlling expression of the sodium channel gene could be 
used in gene therapy to control expression of a therapeutic construct in cells 
expressing the sodium channel. 

In accordance with further aspects of the present invention, there is provided an 
isolated sodium channel derivable from the dorsal root ganglion, particularly the 
nociceptive neurones of the dorsal root ganglion of a mammal, e.g. rat or human 
which has a IC50 for TTX of about 1 uM. 

Further provided is a protein which has a primary amino acid sequence with at least 
90% or greater identity with the primary amino acid sequence of the protein of 
SEQ.I.D.NO.2. 

Also provided is a recombinant polynucleotide comprising a sequence which 
comprises the sequences as defined in each of SEQ.l.D.NO.3 to 17 wherein ascending 
numerical order represents the order in which the SEQ.I.D. NO:3 to 17 is read in the 
5* to 3* direction. The recombinant polynucleotide may further comprise sequences 
spaced before, between and after the sequences (in terms of reading direction) defined 
in SEQ.i.D.NO:3 to 17 such that when the polynucleotide is expressed in a host cell, 
e.g. mammalian cell, a functional sodium channel is encoded. 

Brief description of the Figures : . ~_ 



Figure 1 is a summary of the rat SNS 2a ion channel fragments isolated, and probes 
used for analysis. 
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A rat DRG cDNA library was constructed in aZAP Express™ Bacteriophage system 
(Strategene), allowing it to be directionally cloned within the pBK-CMV excision 
vector. Briefly, lumbar DRG tissue was removed from adult rats and frozen in liquid 
nitrogen until ready for processing. Total RNA was extracted using RNAzoi B 
(Biogenesis) according to the manufacturers instructions. This method is based on the 
guanidine isothiocyanante and phenol/chloroform extraction method developed by 
Chomczynski and Sacchi. Analytical Biochemistry (1987) 162. 156-169. Poly (A+) 
RNA was then isolated from the total RNA pool by oligo dT celluloise 
chromatography (invitrogen) as per manufacturers instructions. 5p.g of this poly (A+) 
rat DRG RNA was used as the starting template for cDNA library synthesis. This was 
carried out exactly as stated in the Stratagene Instruction manual for construction of a 
ZAP express cDNA library using the Gigapack III Gold cloning kit. 

Initially two million plaque forming units from this library were screened (as outlined 
in DNA transfer and hybridisation and probing) with the pan specific sodium channel 
probe. The resulting positive plaques were purified to homogeneity (as outlined in the 
Strategene instruction manual for the construction of a ZAP express cDNA library 
using the Gigapack III Gold cloning kit) and subjected to sequence analysis. Several 
clones were obtained which demonstrated a novel sequence related to voltage-gated 
sodium channels. The longest of these clones has been annotated as LARI/QFL in 
figure 1. Figure 1 displays the key clones obtained from the DRG cDNA library 
screening. This novel sequence was a fragment of the sodium channel referred to in 
this invention as SNS 2a . 

Subsequently, a further one and a half million plaques were screened using the probe 
(LARI/QFL). specific to this novel sodium channel. Further positive clones were 
obtained and verified by sequence analysis. The largest of these clones designated as 
clone 63.1 in figure 1 was 3.6 kb in length. Degenerate oligonucleotide primers were 
designed to perform RT-PCR reactions on DRG RNA. The primers used were as 
follows : 

5' AGGGAGGTCACCGGCCTGAAA/C 3*: 
and 5"AGTGGATA/CGAGAA/CCATGTGGG 3". 
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Conditions used were 94° C for 30 seconds. 50° C for 1 minute and 72° C for 2 
minutes. These conditions were used for 35 cycles of PCR. The resulting PCR 
products were separated on a 1% agarose gel and cloned into the TA cloning kit 
(Invitrogen) according to manufacturers instructions. The resulting clones were taken 
for sequence analysis. This resulted in the discovery of the partial SNS 2a clone 18/14. 
This is annotated as 18/14 in figure 1 which illustrates the position of this clone 
relative to the full length sequence of SNS :a Two million plaques were screened in 
the third cDNA library screening using this probe designated as 18/14. (probe 
labelling as in hybridisation and probing). Analysis of the positive clones obtained 
from this screen resulted in the discovery of the fragments annotated in figure 1 as 
16/24. 3 1/42 and the 3.4kb clone 71/72. The two clones designated 71/72 and 63. 1 
(figure 1 ) overlapped with each other thus allowing them to be joined together using a 
unique Bgl II (New England Biolabs) restriction site from position 2895 bp to 2900 
bp of SNS, a . This step generated the full length SNS^ clone which is shown in 
SEQ.I.D.No.l. 

SNS 2a has been assembled in the Sall/NotI sites of the mammalian expression vector 
pBluescript (Stratagene). the Sall/NotI sites of the mammalian expression vector pCI- 
neo (Promega). SNS 3a was also cloned into the Clontech IRES vector pIRESneo. the 
multiple cloning site of this vector was modified to include Nsil/Notl sites which were 
used for cloning SNS, a in the correct orientation. This allows for both transient and 
stable expression studies in mammalian ceils such as HEK293 cells (ATCC). 

Nucleotide sequence analysis of SEQ.I.D.NO: 1 reveals a 5298bp open reading frame 
which encodes a 1765 amino acid protein (SEQ.I.D.no.2). This deduced protein 
sequence shares many of the characteristic features associated with the voltage-gated 
sodium channel gene family, however, the predicted first intracellular loop region 
connecting the first and second repeat domains is considerably shorter than the 
corresponding region in many of the other voltage-gated sodium channels including 
SNS/PN3. the cardiac channel and the brain channels. 
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The DNA was transferred onto a GeneScreen™ hybridisation transfer membrane 
(DUPONT) by placing on the surface of the phage infected plate for 1 minute. The 
membrane is washed with 1M NaOH twice for 2 minutes, followed by two 
neutralisation steps in 1 M Tris (pH 7.4) for an additional 2 minutes. An additional 
duplicate lift was done with the filter on the plate for five minutes prior to the washing 
steps. The membrane is then air dried overnight or crosslinked using the UV 
Stratalinker (Stratagene). 

Example lc: Hybridisation and probing 

The membranes were hybridised for 4 hours shaking at 60°C in a 1 0% dextran 
sulphate, 1% lauryl sulphate (SDS) (see solutions and media) and 1M NaCl solution. 
The probes used were LARJ & QFL and 18/14 respectively, from the 5* and middle 
regions of 33b. The probe was labelled with [a J2P ] dCTP (Amersham) using the 
Rediprime™ DNA labelling system (Amersham), so as to obtain approximately 
500,000 cpm of the labelled probe per ml of prehybridization solution. Briefly. 1 OOng 
of each probe was boiled for 3 minutes (denaturization) and then cooled on ice for 2 
minutes in a total volume of 45ul. This was added to the labelling tube from the kit 
together with 3u-i of 32P dCTP. followed by an incubation at 37°C for 30 minutes. 
400ui of Herring Sperm DNA (Sigma) at a concentration of 400ug 50ml was added to 
the labelled probe and heated at 99°C for 3 minutes followed by rapid cooling on ice. 
The labelled probe was added and mixed well in the prehybridisation solution. The 
membranes were hybridised overnight at 55°C. 

The membranes were then washed, first at room temperature, in 2x SSC (3M sodium 
chloride and 0.3M sodium citrate pH7) and 1% SDS (sodium dodecyl sulphate) for 5 
minutes, followed by 2x SSC and 1% SDS for 30 mins at 50°C. and if necessary 
further washes with lx SSC and 0.5% SDS or 0. lx SSC and 0. 1 % SDS for 30 mins at 
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the same temperature. The membranes were then exposed to Scientific Imaging Film 
AR (Kodak) using intensifying screens at -70°C overnight and the film developed, 



Example Id: Southern Blot analysis 

PCR products which were separated using agarose gel electrophoresis were denatured 
in situ by shaking the gel slowly in 1 .5M NaCl for 10 minutes followed by a 0.5M 
NaOH solution for 30 minutes. DNA transfer onto a GeneScreen™ hybridization 
transfer membrane (DUPONT) by capillary action occured overnight, followed by 
washing in 2x SSC for 2 minutes and left to air dry. The hybridization and probing 
was carried out in the same way as for the library screening. 

Example 2: Jv vivo excision analysis 

Approximately 6 phage plugs were removed from the agarose plate and placed in 
500ul of SM buffer. Elution of the phage particles occured at room temperature while 
gently shaking for 2-3 hours, lul of ExAssist™ Helper phage (Stratagene) was added 
to lOOul of phage stock in SM buffer (see media and solutions) and incubated at 37°C 
for 15 minutes. 3ml of liquid broth (see media and solutions) was added, followed by 
shaking at 225rpm at 37°C for 3 hours. Heat shock at 70°C for 15 minutes was 
followed by centrifugation at 4000rpm for 15 minutes at 4°C. The supernatant was 
carefully decanted into sterile 50ml falcon tube and stored at 4°C until needed. 

lOul and lOOul of the rescued recombinant plasmid (supernatant from the step above) 
was used to transform 200u.l of XLOLR cells (Stratagene) at OD 600 1.0 and incubated 
at 37°C for 15 minutes. The samples are incubated for a further 45 minutes at 37°C 
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after the addition of 300ul of L-broth (see media and solutions), followed by 
spreading on kan-plates ( 1 5u.g/ml) (see media and solutions) and incubation overnight 
at 37°C. Positive colonies were analysed by digest analysis using Xhol and EcoRI 
restriction enzymes followed by subsequent southern blot analysis. 



Example 3: Transient expression of SNS ?1 in mammalian cells 

Mammalian cells such as HEK293 cells were plated 24 hours prior to transfection. 
such that they are 50-80% confluent for the transfection procedure. On the day of 
transfection fresh media was added to the ceils. The transfection protocol to be used 
relies upon the calcium phosphate transfection method (CalPhos maximer. Clontech) 
although any transient transfection method can be used. Briefly, a solution referred to 
as solution A. was made up containing 2-4 p.g of plasmid DN A per 4x10' cells, 5 - 
30 u.1 of CalPhos maximer. 12.4 ul 2M calcium solution, sterile water to 100 ul. The 
following solution referred to as solution B was also made up comprising. 100 ul of 
HEPES buffered saline. Solution B was carefully vortexed while solution A was 
added dropwise. The mixed solutions were incubated at room temperature for 20 
minutes. After this period the solution was gently vortexed and added to the cell 
culture medium. 200 ul of solution was used per 35 mnr vessel with 4 x 10 3 cells. 
The vessel was then gently rocked to distribute the solution. The cells were 
incubated at 37°C for 2-6 hours, after which the medium was removed by aspiration 
and the cells were washed with phosphate buffered saline. Fresh culture media was 
then added to the cells. Electrophysiological assays were carried out 24-72 hours post 
transfection or alternatively antibiotic selection was applied after 24 hours for the 
generation of stable cell lines. 

Example 4: Northern blot analysis 



20ug of total RNA from DRG. heart, spinal cord, adrenal glands. PC 12 cells (ATCC). 
and PC12 cells pretreated with NGF were electrophoresed on a 1% agarose gel. 
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containing 8% formaldehyde. (The preparation of the total RNA was carried out as 
described in the construction of the rat DRG cDNA library). The gel was then blotted 
onto a Genescreen™ membrane as described previously in Example Id and probed 
with the 18/14 probe as described in Example lc. Exposure to Kodak X-AR film 
occurred overnight. 

The results of this Northern blot analysis using the 18/14 probe, which was specific 
to SNS 2a demonstrated a transcript size of approximately 9kb in DRG cells, while no 
expression was observed in spinal cord, brain, adrenal gland, heart and the rat 
phenochromocytoma ceil line (PCI 2) in the absence or presence of nerve growth 
factor (NGF) (figure 4). In situ hybridisation experiments performed on DRG 
sections demonstrated that SNS :a expression was limited to the small diameter cells 
(figure 5). Similar in situ hybridisation experiments were performed on spinal cord 
and whole brain sections and no specific labelling was observed confirming the 
Northern analysis work. 

The expression of SNS 2a in DRG tissue was studied in DRG tissue removed from two 
separate rat models of pain, namely the Complete Freunds Adjuvant (CFA) model and 
the sciatic nerve cut (axotomy) model. The expression of SNS-; a was studied by 
Northern blot analysis using the probe 18/14 as described earlier in this section. In 
the CFA model at the 24 hour time point, there was a significant increase in 
expression of SNS :a however there was a significant decrease in the level of SNS 2a 
mRNA at the 48 hour and 7 day time periods in the axotomy model (figure 7). This 
important series of experiments demonstrates differential regulation of this novel 
channel SNS-, 3 in well characterised models of pain. 

Example 5: Riboprobe generation 

The 18/14 probe, which was specific to SNS, a in northern blot analysis, was used to 
generate riboprobes. The 1 8/14 probe was cloned into the vector pCR-Il ( 
Invitrogen). Labelled RNA strands were transcribed in vitro from the vector 
promoters. SP6 and T7. using the DIG RNA labelling Kit (Boeringer Manheim). 1 ug 
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linearised tempiate DNA was used to produce 'run off transcripts. DIG-UTP was 
used as a substrate and incorporated into the transcript. The amount of DIG labelled 
RNA generated was determined using the DIG Quantification and Control Teststrips 
(Boehringer Manheim). DIG labelled sense and anti-sense RNA probes were used for 
in situ hybridisation to stain rat DRG sections (see section on antibody generation). 

Example 6: Antibody Generation 

The octadecapeptide CNGDLSSLDVAKVKVHND relating to amino acid residues 
1748 to 1765 of SNS 2a and the peptide EERYYPVIFPDERNC relating to amino acid 
residues 2 to 15 of SNS 2a were synthesised on a Biosearch 9500 peptide synthesiser 
using solid-phase Fmoc chemistry under conditions recommended by the suppliers. 
Cleaved peptide was purified by gel filtration and conjugated to purified protein 
derivative of tuberculin (PPD) using suIpho-SMCC. Dutch rabbits, presensitised 
against BCG. were immunised with the resulting conjugate emulsified in incomplete 
Freunds adjuvant. Rabbits were boosted at three week intervals and serum prepared 
from test bleeds 7 days after each injection. The specific antibody response was 
followed by indirect ELISA using free synthetic peptide as antigen. High titre 
antisera were used for further studies. 

These anti-peptide antibodies directed to SNS ;a can be used in immunohistochemistry 
experiments. Several fusion protein antibodies have also been generated against 
SNS 2a . The PCR primers used to generate fusion peptides were as follows: 

Fusion peptide 1 5" GATCGAATTCAAGGAGAAAATGTTTCAGGA 3" and 5' 
GATCGTCGACTC ATTTGGTCTGCTC AAGG A 3 " 

Fusion peptide 2 5' GATCGAATTCGGCGGTGCCCTACCCACCTC 3" and 5* 
GATCGTCGACTCATTCCATTTCAACCCCTT 3 ' 



Fusion peptide 3 5* GATCGAATTCAAGCACAACTGTGGCCCCAA 3" and 5" 
GATCGTCGACTC AC ATT ATGAAGTCTTCGC 3* 
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The anti-peptide antibodies have been verified by specific staining of recombinant 
SNS 2a expressed in HEK293 celis (see section on transient expression of SNS 2a ). 
HEK293 cells were transfected with a) SNS 2a DNA or b) YFP. yellow fluorescent 
protein. DNA as a control. 48 hours after transfection whole cell lysates. prepared 
with RIPA. were precleared using non-immune rabbit IgG and protein-A-sepharose 
followed by centrifugation. Immunoreactive proteins were then precipitated by adding 
specific antibodies to the resulting supernatants. Dissolved precipitates were subjected 
to SDS-PAGE and immunoblotted using a cocktail of anti-SNS 2a antibodies. Bound 
immunoglobulins were revealed using HRP-labelled secondary antibodies and ECL 
detection. Anti-SNS 2a antibodies showed specific binding to cells transfected with 
SNS 2a DNA. confirming the specificity of the antibodies and the presence of SNS 2a 
protein (see figure 1 0). 

The anti-peptide antibodies and riboprobes have been used for in situ hybridization 
and immunohistochemistry to stain rat DRG sections. Fresh frozen L4 and L5 dorsal 
root ganglia from adult male Sprague Dawiey rats were cut at 20um. air dried and 
fixed, acetylated and hybridised with 500ng/ml digoxygenin-labelled riboprobes (see 
section on SNS 2a riboprobes). Sense probes were used as a control. The sections were 
photographed before incubating overnight in either SNS/PN3 or SNS 2a antibody 
(1 :2000). Staining was achieved using a Vectastain elite ABC kit (Vector). For cell 
profile area analysis, sections stained for either SNS/PN3 or SNS 2a mRNA were 
randomly chosen, labelled cells with visible nuclei were drawn (SNS/PN3: n=212; 
SNS-, a : n=206) and areas calculated using NIH Image 1 .61 . Once again the antibody 
and riboprobe recognise the small diameter ceil bodies of the peripheral sensory 
neurones (Figure 10. D and E). Profile area frequency distribution analysis of SNS 2a , 
compared to SNS/PN3. mRNA labelled cells demonstrates that expression of SNS 2a is 
restricted to small (15-30um in diameter) cell bodies (figure 9. C and F). 
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This observation has been extended to human DRG tissue and this experiment 
demonstrates that the antibodies raised to the rat sequence do in fact cross react with 
the human SNS :a channel. 

Double labelling studies for mRNA and protein in the same section showed co- 
localization only in small diameter neuronal cell bodies (figure 9. G,H.IJ). Large 
neurons were frequently seen with a signal for SNS/PN3 mRNA or protein where 
SNS 2a protein or mRNA were absent. The co-localisation of SNS 2a with SNS/PN3 in 
small diameter cell bodies may be functionally significant. 

Example 6: Antisense 

Antisense oligonucleotides were synthesised to further validate the contribution of 
SNS 2a to the TTX-R current in DRG neurons. The antisense and mismatch oligos 
were designed to the 5* region of the SNS 2a nucleotide sequence from base pair 45 to 
1 80, the sequences were as follows: 

Antisense 1 5'-AGT ACC TCT CCT CCA TCT-3' 
Mismatch 1 5'-AGT ACT CAT CCC TCA TCT-3' 

Antisense 2 5*-CAC CGG GTA GTA CCT CTC-3' 
Mismatch 2 5-CAC GCG CTA GTC ACT CTC-3' 

Antisense 3 5'-GTC TTT GGA CTT CTT CCT-3' 
Mismatch 3 5'-GTC TGG TGA CTC TTT CCT-3' 

The antisense oligonucleotides may be used in vitro with cultured rat DRG neurons to 
look at the effects of knockdown of SNS 2a protein on the electrophysiological 
properties of the DRG neurons. The behavioural effect of SNS 2a knockdown in rat 
DRG neurons maybe looked at in vivo using antisense delivery via cannulae into the 
spinal cord. Reduction of SNS2a protein levels maybe measured by quantitative 
western blots. A full electrophysiological analysis can then be carried out. This 
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permits analysis of the role of SNS 2a in normal nociception and in inflammatory and 
neuropathic pain models. 



Example 7: Electrophvsiologv 

Importantly, SNS :a forms functional voltage-gated Na~ channels when expressed in 
mammalian cells (e.g. HEK293T). as determined using whole-cell patch clamp 
electrophysiology. 

Standard electrophysiological techniques were employed to measure whole-cell Na"*" 
currents (Hamill et ai. 1981). Voltage command protocols were generated and current 
records stored, via a Axopatch 200B amplifier, and a digidatal200 analog/digital 
interface (Axon Instruments) controlled by microcomputer (Vigien Pentium) using 
pCLAMP6 Clampex software (Axon Instruments). Signals were prefiltered at 5kHz 
bandwidth and sampled at 20kHz. Capacitance transients and series resistance errors 
were compensated for (80-85%) using the amplifier circuitry, and linear leakage 
currents were subtracted using an on-line 'P-4' procedure provided by the commercial 
software package. In most cases evoked Na* currents ranged from -600pA to -4500pA 
and thus the maximum estimated voltage drop across the compensated series 
resistance will amount to less than 4mV. Patch pipettes were fabricated from 1.5mm 
outside diameter borosilicate capillary glass (Clark Electromedical) using a 
micropipette puller (Sutter model P97). and fire polished (Narishige Microforge) to 
give final tip resistances of 2-4rmQ. A silver/silver chloride pellet was used as the bath 
reference electrode and the potential difference between this and the recording 
electrode was adjusted for zero current flow before seal formation. Cells were 
visualised using a Diaphot200 inverted microscope (Nikon) with modulation contrast 
optics at a final magnification of x400. High resistance seals (1-10GQ) between 
pipette and neuronal cell membranes are achieved by gentle suction, and the "whole 
ceil' configuration attained by applying further suction. 
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For measurement of Na" currents in SNS, a transfected HEK293 cells (see transfection 
methods) a bath solution containing (mM concentrations) NaCl 110. CaC12 1. D- 
glucose 20. MgC12 5. KC1 5 pH7.4 290-305mosm was used. The internal (pipette) 
solution contained CsF 120. NaCl 15. Cs-EGTA 10. HEPES 10. pH 7.25. 275- 
285mosm. Cells were held at a holding potential of -90mV and prepulsed to -140mV 
for Is prior to depolarising steps. No active currents were observed in untransfected 
cells under these conditions. 

In SNS, 3 transfected cells membrane depolarisation evoked transient inward currents 
at potentials positive to -70mV that peaked at -20m V and reversed close to the Na" 
equilibrium potential (+57mV). The V, , and slope parameters for the Boltzmann 
function describing Na~ conductance were -45+lmV and 5.3+0.2mV/£?-fold. 
respectively (n=5). Peak currents ranged from 0.2-0.8nA. When a single exponential 
function was fitted to the inactivation phase of the peak current a t value of 1.2+0. lms 
was obtained (n=5). SNS 2a currents were highly resistant to TTX; the estimated IC 50 
value was ImM which is some 1000-fold less sensitive than recombinant brain Na* 
channels (Isom et aL, 1995). The key features of recombinant SNS 2a Na* channels 
expressed in HEK293T cells are summarised in Figure 1 1. 

Multiple sequence alignment of SNS 2a with all of the voltage-gated sodium channels 
identified to date, suggests that SNS 2a may be the prototypical member of a new gene 
family, related to both TTX-R and TTX-S sodium channels. Consistent with this. 
SNS ;a displays a combination of TTX resistance (IC50 for TTX in the uM range) and 
channel biophysical properties, more characteristic of the TTX-S channels. 

SNS, 3 encoded a functional voltage-gated sodium channel when expressed in 
HEK293T cells, which displayed more rapid activation and inactivation kinetics and a 
lower threshold for activation than seen for SNS/PN3 (see PCT/GB96/01523) 
expressed in the same cells. Previous electrophysiological studies of small diameter 
DRG cells have provided data compatible with heterogeneity of the TTX-R current 
(Rizzo et al.. 1994: Rush and Elliott. 1997: Scholz et aL. 1998). We too have found 
that the TTX-R current profiles varied between cells: in a few cells the TTX-R current 
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biophysical properties were similar to the profile expressed by SNS ;a in HEK293T 
cells and in a small group of others, the kinetics were more similar to the profile 
expressed by SNS/PN3. Interestingly, we never observed TTX-R currents in DRG 
neurons that were activated at voltages as low as -60mV as was case for SNS :a . This 
is consistent with our distribution data suggesting that SNS :a is not found alone but is 
always expressed together with the higher threshold SNS/PN3 channel. In most cells, 
however, the current biophysical properties of TTX-R were intermediate between the 
two. suggesting that the current results from a combination of the activity of both 
SNS 2a and SNS/PN3 channels. 

Example 8: Screening 

Having established that SNS 2a has significant potential as a pain target a screening 
strategy has been determined in order to identify modulators of channel function. 
High throughput screens are based on assays such as M C guanidine flux assays and 
fluorescence based assays using both sodium indicator dyes such as SBFI and voltage 
sensing dyes such as DiBAC. Secondary screens involve electrophysiological assays 
utilising patch clamp technology or two electrode voltage ciamp. Tertiary screens 
involve the study of modulators in rat and mouse models of pain. 

The critical path depicting the key steps in the SNS 2a high throughput screen is shown 
below. The screen should aim to cover at least 200.000 compounds in the primary 
screen but may be as high as 1 million compounds, the hit compounds are then re- 
tested against mammalian cell lines expressing the brain and/or cardiac sodium 
channels. The tertiary screen will take compounds which are potent and selective and 
test them in a range of in-vivo pain models. 
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The G-FLUX method is the method of choice and it has been further improved with 
the introduction of Cytostar-T plates (Amersham) which remove the necessity for 
digestion of the cells in triton and transfer into scintillation vials. Cytostar-T plates 
are standard format tissue culture treated plates in which the transparent base of each 
well is composed of polystyrene and scintillant that permits cultivation and 
observation of adherent cell monolayers. Radioisotopes brought in close proximity 
with the base by virtue of the biological process within the cells thereby result in the 
generation of light. 

Guanidine Flux (G-Flux) assav 

Mammalian cells stably over-expressing SNS 2a will be cultured in 96 well plates. One 
T225cm 3 flask will be sufficient for setting up ten 96 well plates with a volume of 
100(j.l cell culture medium in each well. These plates are set up the night before each 
assay run. The culture medium is removed and 100u,i of assay buffer (125mM 
Choline chloride. 50mM HEPES. 5.5mM Glucose. 0.8mM MgS0 4 . 5mM KC1. pH 
7.4 added. The test compounds are then added to the wells and pre-incubated for a 
period of 10 minutes. Scorpion toxin (0.3 1 mg ml"') and veratrine ( 1 .25mg ml' 
(Sigma) will then be added to activate the sodium channel, these compounds hold the 
channel in a open conformation. The cells are incubated for a further 10 minutes prior 
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to the addition of l4 C guanidine (Amersham ). This is incubated for a period of 3 
minutes after which time the whole plate can be read on a scintilation counter. 

Example 9: Cloning of human SNS-^ 

The human SNS :a gene has been cloned as a genomic DNA fragment. PCR 
experiments were performed on human genomic DNA. using oligonucleotide primers 
designed from the rat SNS 2a sequence. A fragment corresponding to the human SNS 2a 
gene was subsequently isolated and sequenced. A human bacterial artificial 
chromosome (BAC) library (Research Genetics) was then screened using PCR 
primers designed from human sequence. A 120kb BAC clone (BAC#4) was isolated 
which has been extensively characterised following the construction of a random 
library from the BAC clone, (see section below). This clone contains the gene 
encoding human SNS 2a (SEQ.I.D.NO: 3 to 17) shows regions where coding sequence 
has been obtained from the BAC clone against an idealised template. 

This BAC clone (BAC#4) containing human SNS 2a was mapped to human 
chromosome 3p21 by fluorescence in situ hybridisation (FISH) (figure 3). The human 
SNS/PN3 gene has also been mapped to the same chromosomal locus. It is worthy of 
note that the human cardiac channel has also been mapped to chromosome 3p21 . A 
new gene cluster of TTX-resistant sodium channels has therefore been identified on 
human chromosome 3. 

Example 10: Purification of BAC DNA 

BAC DNA was purified according to the Qiagen BAC DNA method. Briefly BAC 
liquid culture was inoculated into a 5ml starter culture of L broth with 12.5 ug/ml 
chloramphenicol selection. This was used to inoculate 200 ml L broth with 
(selection* which was then grown for 14 hours at 37 C with vigorous shaking. The 
culture was then centrifuged at 4500 x g for 20 minutes. The bacterial pellet was 
resuspended in 20 ml of buffer p 1 . 20 ml of P2 was added and the solution was mixed 
gently and incubated at 21 C for 5 minutes 20 ml of chilled buffer P3 was added. 
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solution mixed gently and incubated on ice for 1 5 minutes. Following centrifugation 
at 20000 x g for 30 minutes the supernatant was applied to an equilibrated Qiagen Tip 
100. The column was washed twice with 10 mi of buffer QC. The DNA was eluted 
with five 1 ml aiiquots of buffer QF, pre warmed to 65 C. The DNA was precipitated 
with 3.5 ml of isopropanol and centrifuged at 15000 x g for 15 minutes. The 
supernatant was removed and the pellet was washed with 2 ml of 70% ethanol and 
centrifuged at 1500 x g for 10 minutes. The pellet was finally air dried for 10 minutes 
and resuspended in water. 

Example 11: Construction of Random Library from BAC Clone 

This was an essential prerequisite to analyse the I20kb BAC clone containing the 
human SNS 2a gene. 

5p.g of BAC DNA in a volume of 50 u.1 was sonnicated in the cup horn, in two pulses 
of 1 second at power level 2. with cooling on ice for 1 minute between pulses. The 
overhanging or ragged ends, caused by the sonication. of the fragmented DNA 
molecules were made flush by the exonuclease or polymerase activity of T4 DNA 
polymerase. The components were as follows. 47.5 ul sonicated DNA. 20 p.1 5 x T4 
DNA buffer. lOul 2miM each dNTP. 17.5 ul double distilled water. 5 ul T4 DNA pol 
(1 unit/ul Boehringer). This reaction mix was incubated at 37°C for 3 hours. The 
DNA was size selected with Pharmacia SizeSep 400 spin column. The resulting DNA 
fragments were ligated into a Smal phosphatased pBiuescript II SK vector 
(Stratagene) and subsequently transformed into XL1 blue competent E.coli 
(Stratagene). Individual colonies are PCR amplified with Ml 3 reverse and Ml 3-20 
primers, which flank the insert. The PCR products were sequenced using the nested 
primers T3 and T7. 

A second method was employed as above except the following T4 DNA polymerase 
repair, oligonucleotide linkers were ligated onto the DNA fragments. Using primers 
directed against sites within these oligos the DNA fragments were amplified by PCR. 
The Inker ligation reaction mix was set up as follows. 1 of sonicated BAC DNA. 5 u.1 
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T4 DNA ligase (400 units / ul NEB). 5 jil 10 x ligase buffer. 2 ul linkers. 37.5 ul 
double distilled water, and incubated for 8 hours at 21 °C. PCR amplification was 
performed using 50 p.moles linker primers. 1 x buffer (Promega). 1.5mM MgCK 200 
uM each dNTP. Taq (Promega) 0.5 unit. The reaction volume was 50 ui and the PCR 
parameters: 94°C for 2 minutes. 94°C 30 seconds. 55°C for 1 minute. 72°C 2 minutes, 
for 40 cycles. 72°C 10 minutes. The resulting PCR products were ligated into the TA 
cloning vector (Invitrogen) and transformed in INVaF competent E.coli 
(Invitrogen). The resulting PCR products were then sequenced with T3 and T7. 
which are nested primers. 

References 

1. Hille. B. (1984). Ionic Channels of Excitable Membranes. Sinauer, 
Sunderland. M.A. 

2. Kandel. E.R.. et al (1991). Principals of Neuroscience. Elseivier Science 
Publishing Co.. Inc. USA. 

3. Goldin. A.L. (1994). Ligand and voliage-galed ion channels. (2nd vol.) CRC 
Press. 

4. Mandel. G. (1992). Tissue-specific expression of the voltage-sensitive sodium 
channel. J. Membrane Biol. 125. 193-205. 

5. Catterall. W.A. (1992). Cellular and molecular biology of voltage-gated sodium 
channels. Physiol Rev. 72. S15-S48. 



6. Akopian. A.N.. et al (1996). A tetrodotoxin-resistant voltage gated sodium 
channel expressed by sensory neurones. Xaiure. 379. 257-262. 



WO 99/47670 PCT/GB99/00838 

32 

7. Sangameswaran. L.. et al (1996). Structure and function of a novel voltage- 
gated, tetrodotoxin-resistant sodium channel specific to sensory neurones. The 
Journal of Biological Chemistry. 111. 5953-5956. 

8. Fish. L.M.. et al (1995). Cloning of a sodium channel a-subunit (PN-1) from 
rat dorsal root ganglia. Soc. Neurosci. Abstr. 21. 1824 

9. Klugbauer. N.. et al (1995). Structure and functional expression of a new 
member of the tetrodotoxin-sensitive voltage-gated sodium channel family from 
human neuroendocrine cells. EMBOJ. 14. 1084-1090. 

10. Toledo-Aral. J.J.. et al Identification of PN-1. a predominant voltage- 
dependent sodium channel expressed principally in peripheral neurones. Proc. 
Natl. Acad. Sci. USA. 94, 1527-1532. 

11. Noda. M. et al (1986). Expression of functional sodium channels from cloned 
cDNA. Nature. 322. 826-888. 

12. Stuhmer. W.. et al (1987). Patch clamp characterization of sodium channels 
expressed from rat brain cDNA. Eur. Biophys Journal. 14. 131-138. 

13. Fozzard. H.A.. Hankck. D.A. (1996). Structure and function of voltage- 
dependant sodium channels: comparison of brain II and cardiac isoforms. Physiol. 
Rev. 76. 887-926. 

14. Isom. L.L.. et al (1994). Auxilliary subunits of voltage-gated ion channels. 
Neuron, 12. 1 1 83-1 194. 

15. Isom. L.L.. et al (1995). Functional co-expression of the fJ 1 and type II A a 
subunits of sodium channels in a mammalian cell line. J.Biol. Chem. 270. 3306- 
3312. 



WO 99/47670 



PCT/GB99/00838 



16. Isom. L.L.. et al. (1995). Structure and function of the P2 subunit of brain 
sodium channels, a transmembrane glycoprotein with a CAM motif. Cell. 83. 
433-442. 

17. Patton. D.E.. et al (1992). The adult rat brain pi subunit modifies activation 
and inactivation gating of multiple sodium channel a subunits. J. Biol. Chem. 
269. 17649-17655. 

18. Elliott. A. A. and Elliott. J.R. (1993). Characterization of TTX-sensitive and 
TTX-resistant sodium currents in small cells from adult rat dorsal root ganglia. 
Journal of Physiology. 463.39-56. 

19. Caffery, J.M.. et al (1992). Three types of sodium channels in adult rat dorsal 
root ganglion neurones. Brain Research 592. 283-297. 

20. Roy, M.L. and Narahashi. T. (1992). Differential properties of tetrodotoxin- 
sensitive and tetrodotoxin-resistant sodium channels in rat dorsal root ganglion. 
Journal ofNeuroscience. 12. 2104-21 1 1 . 

21. Black. J.A.. et al (1996). Spinal sensory neurones express multiple sodium 
channel a-subunit mRNAs. Mol. Brain Res.. 43. 117-131. 

22. Black, J.A. & Waxman. S.G. (1996). Sodium channel expression: a dynamic 
process in neurones and non-neuronal cells. Dev. Neurosci.. 18. 139-152. 

23. Waxman. S.G.. et al (1994). Type III sodium channel mRNA is expressed in 
embryonic but not adult spinal sensory neurones, and is re-expressed following 
axotomy. J. NeurophysioL. 72. 466-470. 

24. Aguayo. LG. and White G. (1992). Effects of nerve growth factor on TTX- 
and Capsaicin-sensitivity in adult rat sensory neurones. Brain Res. 570. 61-67 



WO 99/47670 PCT/GB99/00838 

34 

25. Haper. A. A and Lawson. S.N. (1985). Conduction velocity is related to 
morphological cell type in rat dorsai root ganglion neurones. Journal of 
Physiology: 359. 31-46. 

26. Gold. M.S.. et al (1996a). Co-expression of nociceptor properties in dorsal root 
ganglion neurones from the adult rat in vitro. Neuroscience. 71. 265-275. 

27. England. S.. et al. (1996). PGE : modulates the tetrodotoxin-resistant sodium 
current in neonatal rat dorsal root ganglion neurones via the cyclic AMP-protein 
kinase A cascade. J. Physiol.. 495. 429-440. 

28. Cardenas. C.G.. et al (1997). 5-HT 4 receptors couple positively to tetrodotoxin- 
insensitive sodium channels in a subpopulation of capsaicin-sensitive rat sensory 
neurones. J. Neurosci.. 17. 7181-71 89. 

29. Devor. M.. et al (1993). Na" channel immunolocalisation in peripheral mammalian 
axons and changes following nerve injury and neuroma formation. J. Neuroscience. 
13, 1976-1992. 



30. Matzner. L. & Devor. M. (1994). Hyperexcitability at sites of nerve injury- 
depends on voltage-sensitive Na" channels. J. NeurophysioL. 72. 349-359. 

31. Boas. R.A.. et al (1982). Analgesic responses to i.v. lignocaine. Br. J. 
Anaesthesia!. 54. 501-505. 

32. Marchettini. P.. et al (1992). Lidocaine test in neuralgia. Pain. 48. 377-382. 

33. Dejgard. A., et al (1988). Mexilitine for treatment of chronic painful diabetic 
neuropathy. Lancet. 29. 9-11. 



WO 99/47670 



PCT/GB99/00838 



35 

34. Tanelian. D.L. & Brose. W.G. (1991). Neuropathic pain can be relieved by drugs 
that are use-dependent Na* channel blockers: lidocaine. carbamazepine and mexilitine. 
Anaesthesiology, 74. 949-95 1 . 

35. ChabaL C et al (1992). The use of oral mexilitine for the treatment of pain after 
peripheral nerve injury-. Anaesthesiology. 76. 513-516. 

36. Nakamura- Craig. M. & Follenfant. R.L. (1995). Effect of lamotrigine in the acute 
and chronic hyperalgesia induced by PGE 2 and in the chronic hyperalgesia in rats with 
streptozotocin-induced diabetes. Pain. 63, 33-37. 

37. Sivilotti. L., et al (1997). A single serine residue confers tetrodotoxin 
insensitivity on the rat sensory-neurone specific sodium channel SNS. 
Federation of Europe Biochemical Societies. 409. 49-52. 

38. Rizzo, M.A., Kocsis. J.D.. and Waxman, S.G. (1994). Slow sodium 
conductances of dorsal root ganglion neurons: intraneuronal homogeneity and 
interneuronal heterogeneity. J. Neurophysiol . 72. 2796-2815. 

39. Rush. A.M.. and Elliott. J.R . (1997). Phenytoin and carbamazepine: 
differential inhibition of sodium currents in small cells from adult rat 
dorsal root ganglia. Neurosci. Lett. 226. 95-98. 

40. Scholz. A.. Appel. N.. and Vogel. W. (1998). Two types of TTX-resistant and 
one TTX-sensitive Na+ channel in rat dorsal root ganglion neurons and their 
blockade by halothane. Euro. J. Xeurosci. 10. 2547-2556. 



' f 31 -35-2000 . PCT/G B99/0Q333 # # # C IMS . 

Case number \. r \ 30 : fvlay ^"dbp 



Claims 

1. An isolated mammalian sodium channel protein comprising 
(i) The amino acid sequence shown in SEQ l.D No 2 or 

5 (ii) A variant thereof which has at least 70% identity to the amino acid 

sequence of SEQ l.D. No 2. 

2. A protein according to claim 1 wherein the variant has at least 90% identity to 
the amino acid sequence of SEQ l.D. No 2. 

10 

3. An isolated sodium channel protein according to claim 1 or 2 which is a 
human protein. 

4. An isolated sodium channel protein according to claim 1 which is derivable 
15 from the dorsal root ganglion of a mammal and which has an 1C50 for TTX of 

about 1 \M. 

5. An isolated nucleotide sequence encoding a sodium channel protein or 
variant thereof according to any one of claims 1 to 4. 

20 

6. An isolated nucleotide sequence according to claim 5 which is a DNA 
sequence. 

7. An isolated nucleotide sequence according to claim 5 which comprises: 
25 (a) the nucleic acid sequence of SEQ ID NO 1 and/or a sequence 

complementary thereto; or 

(b) a sequence which hybridises under stringent conditions to a sequence 
- as defined in (a); or 

(c) " a sequence that is degenerate as a result of the genetic code to a 
30 sequence as defined in (a) or (b); or 

(d) a sequence having at least 70% identity to a sequence as defined in 
(a), (b) or (c). 

8. A recombinant polynucleotide which comprises: 
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(a) one or more of the nucleotide sequences of SEQ ID NO 3 to 17 and/or a 
sequence complementary thereto; or 

(b) a sequence which hybridises under stringent conditions to a sequence as 
defined in (a); or 

5 (c) a sequence that is degenerate as a result of the genetic code to a 

sequence as defined in (a) or (b); or 
(d) a sequence having at least 70% identity to a sequence as defined in (a), 
(b) or(c). 

10 9. A recombinant polynucleotide according to claim 8 which comprises all of the 
sequences as defined in SEQ ID 3 to 17 wherein ascending numerical order 
represents the order in which the SEQ ID is read in the 5' to 3' direction 

1 0. An isolated amino acid sequence encoded for by a nucleotide according to 
15 claim 8 or 9. 



11. An expression vector comprising a polynucleotide according to any one of 
claims 5 to 9. 

20 1 2. A host cell comprising an expression vector according to claim 1 1 . 

13. An antibody or fragment thereof which recognises and binds to a polypeptide 
according any one of claims 1 to 4. 

25 14. An isolated polypeptide according to any one of claims 1 to 4 for use in a 

method of screening for agents with analgesic or anti-hypersensivity activity. 

1 5. A method for the identification of a modulator of a sodium channel protein 
according to any one of claims 1 to 4, comprising contacting said protein with 

30 a test compound and detecting changes in the activity of the sodium channel 

protein due to the test compound. 

1 6. A method of determining whether a test compound is a modulator of sodium 
flux which method comprises expressing a protein according to any one of 
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claims 1 - 4 in a host cell; contacting said protein with a test compound; and 
measuring sodium flux. 



1 7. A modulator identifiable by a method according to claim 1 5 or 1 6, for use in 
5 therapy. 

1 8. Use of a modulator indentifiable by a method as claimed in claim 1 5 or 16 for 
the manufacture of an analgesic or anti-hypersensitivity medicament. 

10 19. A method of treating a disorder which is responsive to modulation of a protein 
according to any one of claims 1 to 4 which method comprises administering 
to a patient an effective amount of a modulator, identifiable by a method 
according to claim 15 or 16. 
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SEQ.No.l 

1 GGAGCCATAC GGTGCCCTGA TCCTCTGTAC CAGGAAGACA GGGTGAAGAT 
5 1 GGAGGAGAGG TACTACCCGG TGATCTTCCC GGACGAGCGG AATTTCCGCC 
1 0 1 CCTTCACTTC CGACTCTCTG GCTGCCATAA AGAAGCGGAT TGCTATCCAA 
1 5 1 AAGGAGAGGA AG AAGTCCAA AG ACAAGGCG GCAGCTGAGC CCCAGCCTCG 
201 GCCTCAGCTT GACCTAAAGG CCTCCAGGAA GTTACCTAAG CTTTATGGTG 
25 1 ACATTCCCCC TGAGCTTGTT ACGAAACCTC TGGAGGACCT GGACCCCTAC 
30 1 TACAAAGACC ATAAGACATT CATGGTGTTG AACAAGAAAA GAACAATTTA 
35 1 TCGCTTCAGC GCCAAGCGGG CCTTGTTCAT TCTGGGGCCT TTTAATCCCC 
40 1 TCAGAAGCTT AATGATTCGT ATCTCTGTCC ATTCAGTCTT TAGCATGTTC 
45 1 ATCATCTGCA CGGTGATCAT CAACTGTATG TTCATGGCGA ATTCTATGGA 
50 1 GAGAAGTTTC GACAACGACA TTCCCG AATA CGTCTTCATT GGGATTTATA 
55 1 TTTTAGAAGC TGTGATTAAA ATATTGGCAA GAGGCTTCAT TGTGGATGAG 
60 1 TTTTCCTTCC TCCGAGATCC GTGGAACTGG CTGGACTTCA TTGTCATTGG 
65 ! AACAGCGATC GCAACTTGTT TTCCGGGCAG CCAAGTCAAT CTTTCAGCTC 
70 1 TTCGTACCTT CCGAGTGTTC AGAGCTCTGA AGGCGATTTC AGTTATCTCA 
75 1 GGTCTGAAGG TCATCGTAGG TGCCCTGCTG CGCTCGGTGA AGAAGCTGGT 
801 AGACGTGATG GTCCTCACTC TCTTCTGCCT CAGCATCTTT GCCCTGGTCG 
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85 1 GTCAGC AGCT GTTCATGGGA ATTCTG AACC AGAAGTGTAT TAAGCACAAC 
901 TGTGGCCCCA ACCCTGCATC CAACAAGGAT TGCTTTGAAA AGGAAAAAGA 
5 951 TAGCGAAGAC TTCATAATGT GTGGTACCTG GCTCGGCAGC AGACCCTGTC 

1001 CCAATGGTTC TACGTGCGAT AAAACCACAT TGAACCCAGA CAATAATTAT 
1051 ACAAAGTTTG ACAACTTTGG CTGGTCCTTT CTCGCCATGT TCCGGGTTAT 

10 

1101 GACTCAAGAC TCCTGGGAGA GGCTTTACCG ACAGATCCTG CGGACCTCTG 
1151 GGATCTACTT TGTCTTCTTC TTCGTGGTGG TCATCTTCCT GGGCTCCTTC 
3 5 120 1 TACCTGCTTA ACCTAACCCT GGCTGTTGTC ACCATGGCTT ATGAAGAACA 

125 1 GAACAGAAAT GTAGCTGCTG AGACAGAGGC CAAGGAGAAA ATGTTTCAGG 
1301 A AGCCC A GC A GCTGTTAAGG GAGGAGAAGG AGGCTCTGGT TGCCATGGGA 

20 

1351 ATTGACAGAA GTTCCCTTAA TTCCCTTCAA GCTTCATCCT TTTCCCCGAA 
1401 GAAGAGGAAG TTTTTCGGTA GTAAGACAAG AAAGTCCTTC TTTATGAGAG 
25 145 1 GGTCCAAGAC GGCCCAAGCC TCAGCGTCTG ATTCAGAGGA CGATGCCTCT 

1501 AAAAATCCAC AGCTCCTTGA GCAGACCAAA CGACTGTCCC AGAACTTGCC 
1551 AGTGGATCTC TTTGATGAGC ACGTGGACCC CCTCCACAGG CAGAGAGCGC 

30 

1601 TGAGCGCTGT CAGTATCTTA ACCATCACCA TACAGGAACA AGAAAAATTC 
1 65 1 CAGGAGCCTT GTTTCCCATG TGGG AAAAAT TTGGCCTCTA AGTACCTGGT 
35 1701 GTGGGACTGT AGCCCTCAGT GGCTGTGCAT AAAGAAGGTC CTGCGGACCA 

1 75 1 TCATG ACGG A TCCCTTTACT GAGCTGGCCA TCACCATCTG CATCATCATC 
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1 80 1 AATACCGTTT TCTTAGCCGT GGAGCACCAC AACATGGATG ACAACTTAAA 
1 85 1 GACCATACTG AAAATAGGAA ACTGGGTTTT CACGGGAATT TTCATAGCGG 
1 90 1 AAATGTGTCT CAAGATCATC GCGCTCG ACC CTTACCACTA CTTCCGGCAC 
1951 GGCTGGAATG TTTTTGACAG CATCGTGGCC CTCCTGAGTC TCGCTGATGT 
2001 GCTCTACAAC ACACTGTCTG ATAACAATAG GTCTTTCTTG GCTTCCCTCA 
205 1 GAGTGCTGAG GGTCTTCAAG TTAGCCAAAT CCTGGCCCAC GTTAAACACT 
2101 CTC ATTAAGA TC ATCGGCCA CTCCGTGGGC GCGCTTGG A A ACCTG ACTGT 
2151 GGTCCTGACT ATCGTGGTCT TCATCTTTTC TGTGGTGGGC ATGCGGCTCT 
2201 TCGGCACCAA GTTTAACAAG ACCGCCTACG CCACCCAGGA GCGGCCCAGG 
225 1 CGGCGCTGGC ACATGGATAA TTTCTACCAC TCCTTCCTGG TGGTGTTCCG 
2301 CATCCTCTGT GGGGAATGGA TCGAGAACAT GTGGGGCTGC ATGCAGGATA 
235 1 TGGACGGCTC CCCGTTGTGC ATCATTGTCT TTGTCCTGAT AATGGTGATC 
240 1 GGG AAGCTTG TGGTGCTTA A CCTCTTCATT GCCTTGCTGC TCAATTCCTT 
245 1 CAGCAATGAG GAGAAGGATG GG AGCCTGGA AGGAGAGACC AGGAAAACCA 
250 1 AAGTGCAGCT AGCCCTGGAT CGGTTCCGCC GGGCCTTCTC CTTCATGCTG 
255 1 CACGCTCTTC AGAGTTTTTG TTGCAAGAAA TGCAGGAGGA AAAACTCGCC 
2601 AAAGCCAAAA GAGACAACAG A A AGCTTTGC TGGTGAGAAT AAAGACTCAA 
265 1 TCCTCCCGGA TGCGAGGCCC TGGAAGGAGT ATGATACAGA CATGGCTTTG 
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2701 TACACTGGAC AGGCCGGGGC TCCGCTGGCC CCACTCGCAG AGGTAGAGGA 
275 1 CGATGTGGAA TATTGTGGTG AAGGCGGTGC CCTACCCACC TCACAACATA 
5 280 1 GTGCTGGAGT TCAGGCCGGT GACCTCCCTC CAGAGACCAA GCAGCTCACT 

285 1 AGCCCGGATG ACCAAGGGGT TGAAATGGAA GTATTTTCTG AAGAAGATCT 
2901 GCATTTAAGC ATACAGAGTC CTCGAAAGAA GTCTGACGCA GTGAGCATGC 

10 

2951 TCTCGGAATG CAGCACAATT GACCTGAATG ATATCTTTAG AAATTTACAG 
300 1 AAAACAGTTT CCCCCAAAAA GCAGCCAGAT AG ATGCTTTC CCAAGGGCCT 
15 305 1 TAGTTGTC AC TTTCTATGCC ACAAAACAG A CAAGAGA AAG TCCCCCTGGG 
3101 TCCTGTGGTG GAACATTCGG AAAACCTGCT ACCAAATCGT GAAGCACAGC 
3151 TGGTTTGAGA GTTTCATAAT CTTTGTTATT CTGCTGAGCA GTGGAGCGCT 

20 

3201 GATATTTGAA GATGTCAATC TCCCCAGCCG GCCCCAAGTT GAGAAATTAC 
325 1 TAAGGTGTAC CG ATAATATT TTCACATTTA TTTTCCTCCT GGAAATGATC 
25 3301 CTGAAGTGGG TGGCCTTTGG ATTCCGGAGG TATTTCACCA GTGCCTGGTG 

335 1 CTGGCTTGAT TTCCTCATTG TGGTGGTGTC TGTGCTCAGT CTCATGAATC 
3401 TACCAAGCTT GAAGTCCTTC CGGACTCTGC GGGCCCTGAG ACCTCTGCGG 

30 

345 1 GCGCTGTCCC AGTTTGAAGG AATGAAGGTT GTCGTCTACG CCCTGATCAG 
3501 CGCCATACCT GCCATTCTCA ATGTCTTGCT GGTCTGCCTC ATTTTCTGGC 
35 355 1 TCGTATTTTG TATCTTGGGA GTAAATTTAT TTTCTGGGAA GTTTGGAAGG 
360 1 TGCATTAACG GGACAG AC AT AAATATGTAT TTGGATTTTA CCGAAGTTCC 
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365 1 GAACCGAAGC CAATGTAACA TTAGTAATTA CTCGTGG AAG GTCCCGCAGG 
3701 TCAACTTTGA CAACGTGGGG AATGCCTATC TCGCCCTGCT GCAAGTGGCA 

5 

375 1 ACCTATAAGG GCTGGCTGGA A ATC ATG A AT GCTGCTGTCG ATTCCAGAGA 
3801 GAAAGACGAG CAGCCGGACT TTGAGGCGAA CCTCTACGCG TATCTCTACT 
10 385 1 TTGTGGTTTT TATCATCTTC GGCTCCTTCT TTACCCTGAA CCTCTTTATC 

3901 GGTGTTATTA TTGACAACTT CAATCAGCAG CAGAAAAAGT TAGGTGGCCA 
3951 AGACATTTTT ATGACAGAAG AACAGAAGAA ATATTACAAT GCAATGAAAA 

15 

4001 AGTTAGGAAC CAAGAAACCT CAAAAGCCCA TCCCAAGGCC CCTGAACAAA 
405 1 TGTCAAGCCT TTGTGTTCG A CCTGGTCACA AGCCAGGTCT TTGACGTCAT 
20 4101 CATTCTGGGT CTTATTGTCT TAAATATGAT TATCATGATG GCTGAATCTG 
4151 CCGACCAGCC CAAAGATGTG AAGAAAACCT TTGATATCCT CAACATAGCC 
4201 TTCGTGGTCA TCTTTACCAT AGAGTGTCTC ATCAAAGTCT TTGCTTTGAG 

25 

425 1 GCAACACTAC TTCACCAATG GCTGGAACTT ATTTGATTGT GTGGTCGTGG 
4301 TTCTTTCTAT CATTAGTACC CTGGTTTCCC GCTTGGAGGA CAGTGACATT 
30 4351 TCTTTCCCGC CCACGCTCTT CAGAGTCGTC CGCTTGGCTC GGATTGGTCG 
4401 AATCCTCAGG CTGGTCCGGG CTGCCCGGGG AATCAGGACC CTCCTCTTTG 
4451 CTTTGATGAT GTCTCTCCCC TCTCTCTTCA ACATCGGTCT GCTGCTCTTC 

35 

4501 CTGGTGATGT TCATTTACGC CATCTTTGGG ATGAGCTGGT TTTCCAAAGT 
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455 ! G AAGAAGGGC TCCGGGATCG ACGACATCTT CAACTTCGAG ACCTTTACGG 
4601 GCAGCATGCT GTGCCTCTTC CAGATAACCA CTTCGGCTGG CTGGGATACC 
5 465 1 CTCCTCAACC CCATGCTGGA GGCAAAAGAA CACTGCAACT CCTCCTCCCA 

470 1 AGACAGCTGT CAGCAGCCGC AGATAGCCGT CGTCTACTTC GTCAGTTACA 
4751 TCATCATCTC CTTCCTCATC GTGGTCAACA TGTACATCGC TGTGATCCTC 

10 

4801 GAGAACTTCA ACACAGCCAC GGAGGAGAGC GAGGACCCTC TGGGAGAGGA 
4851 CGACTTTGAA ATCTTCTATG AGGTCTGGGA GAAGTTTGAC CCCGAGGCGT 
15 4901 CGCAGTTCAT CCAGTATTCG GCCCTCTCTG ACTTTGCGGA CGCCCTGCCG 

495 1 GAGCCGTTGC GTGTGGCCAA GCCGAATAAG TTTCAGTTTC TAGTGATGGA 
500 1 CTTGCCCATG GTGATGGGCG ACCGCCTCC A TTGCATGG AT GTTCTCTTTG 

20 

505 1 CTTTCACTAC CAGGGTCCTC GGGGACTCCA GCGGCTTGGA TACCATGAAA 
5101 ACCATG ATGG AGGAG AAGTT TATGG AGGCC AACCCTTTTA AGAAGCTCTA 
25 5151 CG AGCCCATA GTCACCACCA CCAAGAGGAA GGAGGAGGAG CAAGGCGCCG 

5201 CCGTCATCCA GAGGGCCTAC CGGAAACACA TGG AG A AG A T GGTCAAACTG 
525 1 AGGCTGAAGG ACAGGTCAAG TTCATCGCAC CAGGTGTTTT GC AATGGAGA 

30 

5301 CTTGTCCAGC TTGGATGTGG CCAAGGTCAA GGTTCACAAT GACTGAACCC 
535 1 TCATCTCCAC CCCTACCTCA CTGCCTCACA GCTTAGCCTC CAGCCTCTGG 
35 540 1 CGAGCAGGCG GCAGACTCAC TG A AC AC AGG CCGTTCGATC TGTGTTTTTG 
545 1 GCTG AACGAG GTGACAGGTT GGCGTCCATT TTTAAATGAC TCTTGG AAAG 
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5501 ATTTCATGTA GAGAGATGTT AGAAGGGACT GCAAAGGACA CCGACCATAA 
555 i CGGAAGGCCT GGAGGACAGT CCAACTTACA TAAAGATGAG AAACAAGAAG 

5 

560 1 GAAAGATCCC AGGAAAACTT CAGATTGTGT TCTCAGTACA TTCCCCAATG 
5651 TGTCTGTTCG GTGTTTTGAG TATGTGACCT GCCACATGTA GCTCTTTTTT 
10 5701 GCATGTACGT CAAAACCCTG CAGTAAGTTA ATAGCTTGCT ACGGGTGTTC 

575 1 CTACCAGCAT CACAGAATTG GGTGTATGAC TCAAACCTAA AAGCATGACT 
5803 CTGACTTGTC AGTCAGCACC CCGACTTTCA GACGCTCCAA TCTCTGTCCC 

15 

5851 AGGTGTCTAA CGAATAAATA GGTAAAAGAA AAAAAAAAAA AAAAAAA 
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SEQ.No.2 



-47 GGAGCCATACGGTGCCCTGATCCTCTGTACCAGGAAGACAGGGTGAAGATGGAGGAGAGG 12 
1 M E E R 4 

13 TACTACCCGGTGATCTTCCCGGACGAGCGGAATTTCCGCCCCTTCACTTCCGACTCTCTG 72 
5YYPVIFPDERNFRPFTSDSL 24 

73 GCTGCCATAAAGAAGCGGATTGCTATCCAAAAGGAGAGGAAGAAGTCCAAAGACAAGGCG 13: 
25AAIKKRIAIQKERKKSK.DKA 44 

133 GCAGCTGAGCCCCAGCCTCGGCCTCAGCTTGACCTAAAGGCCTCCAGGAAGTTACCTAAG 192 
45AAEPQPRPQLDLKASRKLPK 64 

193 CTTTATGGTGACATTCCCCCTGAGCTTGTTACGAAACCTCTGGAGGACCTGGACCCCTAC 252 
65LYGDIPPELVTKPLEDLDPY 84 

253 TACAAAGACCATAAGACATTCATGGTGTTGAACAAGAAAAGAACAATTTATCGCTTCAGC 312 
85YKDHKTFMVLNKKRT1YRFS 104 

313 GCCAAGCGGGCCTTGTTCATTCTGGGGCCTTTTAATCCCCTCAGAAGCTTAATGATTCGT 372 
105 AKRALFILGPFNPLRSLMiR 124 

373 ATCTCTGTCCATTCAGTCTTTAGCATGTTCATCATCTGCACGGTGATCATCAACTGTATG 432 
125 I S V H S V F S M F I I C T V 1 I N C M 144 

433 TTCATGGCGAATTCTATGGAGAGAAGTTTCGACAACGACATTCCCGAATACGTCTTCATT 492 
145 FMANSMERSFDNDIFEYVFI 164 

493 GGGATTTATATTTTAGAAGCTGTGATTAAAATATTGGCAAGAGGCTTCATTGTGGATGAG 552 
165 G I Y I L E A V I K 1 L A R G F I V D E 184 

553 TTTTCCTTCCTCCGAGATCCGTGGAACTGGCTGGACTTCATTGTCATTGGAACAGCGATC 612 
185 FSFLRDPWNWLDFIVIGTA1 204 

6i3 GCAACTTGTTTTCCGGGCAGCCAAGTCAATCTTTCAGCTCTTCGTACCTTCCGAGTGTTC 672 
205 ATCFPGSQVNLSALRTFRVF 224 

673 AGAGCTCTGAAGGCGA7TTCAGTTATCTCAGGTCTGAAGGTCATCGTAGGTGCCCTGCTG 732 
225 R A L K A I S V 1 S G L K V 1 V G A L L 244 

733 CGCTCGGTGAAGAAGCTGGTAGACGTGATGGTCCTCACTCTCTTCTGCCTCAGCATCTTT 792 
245 RSVKK.LVDVMVLTLFCLSI F 264 
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793 GCCCTGGTCGGTCAGCAGCTGTTCATGGGAATTCTGAACCAGAAGTGTATTAAGCACAAC 852 
265 ALVGQQLFMGILNQKCIKHN 284 

5 853 TGTGGCCCCAACCCTGCATCCAACAAGGATTGCTTTGAAAAGGAAAAAGATAGCGAAGAC 912 

285 CGPNPASNKDCFEKEKDSED 304 

913 TTCATAATGTGTGGTACCTGGCTCGGCAGCAGACCCTGTCCCAATGGTTCTACGTGCGAT 972 
305 FIMCGTWLGSRPCPNGSTCD 324 

10 

973 AAAACCACATTGAACCCAGACAATAATTATACAAAGTTTGACAACTTTGGCTGGTCCTTT 1032 
325 KTTLNPDNNYTKFDNFGWSF 344 

1033 CTCGCCATGTTCCGGGTTATGACTCAAGACTCCTGGGAGAGGCTTTACCGACAGATCCTG 1092 
15 345 LAMFRVMTQDSWERLYRQIL 364 

1093 CGGACCTCTGGGATCTACTTTGTCTTCTTCTTCGTGGTGGTCATCTTCCTGGGCTCCTTC 1152 
365 RTSGIYFVFFFVVVIFLGSF 384 

20 1153 TACCTGCTTAACCTAACCCTGGCTGTTGTCACCATGGCTTATGAAGAACAGAACAGAAAT 1212 

385 YLLNLTLAVVTMAYEEQNRN 404 

1213 GTAGCTGCTGAGACAGAGGCCAAGGAGAAAATGTTTCAGGAAGCCCAGCAGCTGTTAAGG 1272 
405 VAAETEAKEKMFQEAQQLLR 424 

25 

1273 GAGGAGAAGGAGGCTCTGGTTGCCATGGGAATTGACAGAAGTTCCCTTAATTCCCTTCAA 1332 
425 EEKEALVAMGIDRSSLNSLQ 444 

1333 GCTTCATCCTTTTCCCCGAAGAAGAGGAAGTTTTTCGGTAGTAAGACAAGAAAGTCCTTC 1392 
30 445 ASSFSFKK.RKFFGSKTRKSF 464 

1393 TTTATGAGAGGGTCCAAGACGGCCCAAGCCTCAGCGTCTGATTCAGAGGACGATGCCTCT 1452 
465 FMRGSK.TAQASASDSEDDAS 484 

35 1453 AAAAATCCACAGCTCCTTGAGCAGACCAAACGACTGTCCCAGAACTTGCCAGTGGATCTC 1512 

485 KNPQLLEQTKRLSQNLPVDL 504 

1513 TTTGATGAGC ACGTGGACCCCCTCCACAGGCAGAG AGCGCTG AGCGCTGTCAGTATCTTA 1 5 72 
505 FDEHVDPLHRQRALSAVSIL 524 

40 

1573 ACCATCACCATACAGGAACAAGAAAAATTCCAGGAGCCTTGTTTCCCATGTGGGAAAAAT 1632 
525 T1TIOEQEKFQEPCFPCGKN 544 

1633 TTGGCCTCTAAGTACCTGGTGTGGGACTGTAGCCCTCAGTGGCTGTGCATAAAGAAGGTC 1692 
45 545 LASKYLVWDCSPQWLC1KKV 564 

1693 CTGCGGACCATCATGACGGATCCCTTTACTGAGCTGGCCATCACCATCTGCATCATCATC 1752 
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565 LRT1MTDPFTELAITIC1II 584 

1753 AATACCGTTTTCTTAGCCGTGGAGCACCACAACATGGATGACAACTTAAAGACCATACTG 1812 
585 NTVFLAVEHHNMDDNLKTIL 604 

5 

1813 AAAATAGGAAACTGGGTrrTCACGGGAATTTTCATAGCGGAAATGTGTCTC AAG ATCATC 1872 
605 KIGNWVFTGIFIAEMCLKM 624 

1873 GCGCTCGACCCTTACCACTACTTCCGGCACGGCTGGAATGTTTTTGACAGCATCGTGGCC 1932 
10 625 ALDPYHYFRHGWNVFDSiVA 644 

1933 CTCCTGAGTCTCGCTGATGTGCTCTACAACACACTGTCTGATAACAATAGGTCTTTCTTG 1992 
645 LLSLADVLYNTLSDNNRSFL 664 

15 1993 GCTTCCCTCAGAGTGCTGAGGGTCTTCAAGTTAGCCAAATCCTGGCCCACGTTAAACACT 2052 

665 ASLRVLRVFKLAKSWPTLNT 684 

2053 CTCATTAAGATCATCGGCCACTCCGTGGGCGCGCTTGGAAACCTGACTGTGGTCCTGACT 2U2 
685 L1KIIGHSVGALGNLTVVLT 704 

20 

2113 ATCGTGGTCTTCATCTTTTCTGTGGTGGGCATGCGGCTCTTCGGCACCAAGTTTAACAAG 2172 
705 IVVFIFSYVGMRLFGTK.FNK 724 

2173 ACCGCCTACGCCACCCAGGAGCGGCCCAGGCGGCGCTGGCACATGGATAATTTCTACCAC 2232 
25 725 TAYATQERPRRRW HMDNFYH 744 

2233 TCCTTCCTGGTGGTGTTCCGCATCCTCTGTGGGGAATGGATCGAGAACATGTGGGGCTGC 2292 
745 SFLVVFRILCQEWIENMWGC 764 

30 2293 ATGCAGGATATGGACGGCTCCCCGTTGTGCATCATTGTCTTTGTCCTGATAATGGTGATC 2352 
765 MQDMDGSPLCI I VFVLIMVI 784 

2353 GGGAAGCTTGTGGTGCTTAACCTCTTCATTGCCTTGCTGCTCAATTCCTTCAGCAATGAG 2412 
785 GK.LVVLNLFIALLLNSFSNE 804 

35 

2413 GAGAAGGATGGGAGCCTGGAAGGAGAGACCAGGAAAACCAAAGTGCAGCTAGCCCTGGAT 2472 
805 EKDGSLEGETRKTKVQLALD 824 

2473 CGGTTCCGCCGGGCCTTCTCCTTCATGCTGCACGCTCTTCAGAGTTTTTGTTGCAAGAAA 2532 
40 825 RFRRAFSFMLHALQSFCCKK 844 

2533 TGCAGGAGGAAAAACTCGCCAAAGCCAAAAGAGACAACAGAAAGCTTTGCTGGTGAGAAT 2592 
845 CRRKNSPKPKETTESFAGEN 864 

45 2593 AAAGACTCAATCCTCCCGGATGCGAGGCCCTGGAAGGAGTATGATACAGACATGGCTTTG 2652 

865 KDSILPDARPWKEYDTDMAL 884 
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2653 TACACTGGACAGGCCGGGGCTCCGCTGGCCCCACTCGCAGAGGTAGAGGACGATGTGGAA 2712 
885 YTGQAGAPLAPLAEVEDDVE 904 

2713 TATTGTGCiTGAAGGCGGTGCCCTACCCACCTCACAACATAGTGCTGGAGTTCAGGCCGGT 2772 
5 905 YCGEGGALPTSQHSAGVQAG 924 

2773 GACCTCCCTCCAGAGACCAAGCAGCTCACTAGCCCGGATGACCAAGGGGTTGAAATGGAA 2832 
925 DLPPETKQLTSPDDQGVEME 944 

10 2833 GTATTTTCTGAAGAAGATCTGCATTTAAGCATACAGAGTCCTCGAAAGAAGTCTGACGCA 2892 

945 V F S E E D L H L S I Q S P R K K S D A 964 

2893 GTGAGCATGCTCTCGGAATGCAGCACAATTGACCTGAATGATATCTTTAGAAATTTACAG 2952 
965 VSMLSECST1DLNDIFRNLQ 984 

15 

2953 AAAACAGTTTCCCCCAAAAAGCAGCCAGATAGATGCTTTCCCAAGGGCCTTAGTTGTCAC 3012 
985 K.TVSPKKQPDRCFPKGLSCH 1004 

3013 TTTCTATGCCACAAAACAGACAAGAGAAAGTCCCCCTGGGTCCTGTGGTGGAACATTCGG 3072 
20 1005 FLCHKTDKRKSPWVLWWNIR 1024 

3073 AAAACCTGCTACCAAATCGTGAAGCACAGCTGGTTTGAGAGTTTCATAATCTTTGTTATT 3132 
1025 K T C Y 0 I V K H S W F E S F ! I F V I 1044 

25 3133 CTGCTGAGCAGTGGAGCGCTGATATTTGAAGATGTCAATCTCCCCAGCCGGCCCCAAGTT 3192 

1045 LLSSGALIFEDVNLPSRPQV 1064 

3193 GAGAAATTACTAAGGTGTACCGATAATATTTTCACATTTATTTTCCTCCTGGAAATGATC 3252 
1065 EKLLRCTDNIFTFIFLLEM1 1084 

30 

3253 CTGAAGTGGGTGGCClTrGGATTCCGGAGGTATTTCACCAGTGCCTGGTGCTGGCTFGAT 3312 
1085 LKWVAFGFRRYFTSAWCWLD 1104 

3313 TTCCTCATTGTGGTGGTGTCTGTGCTCAGTCTCATGAATCTACCAAGCTTGAAGTCCTTC 3372 
35 H05FLIVVVSVLSLMNLPSLKSF 1124 

3373 CGGACTCTGCGGGCCCTGAGACCTCTGCGGGCGCTGTCCCAGTTTGAAGGAATGAAGGTT 3432 
1 125 RTLRALRPLRALSQFEGMKV 1144 

40 3433 GTCGTCTACGCCCTGATCAGCGCCATACCTGCCATTCTCAATGTCTTGCTGGTCTGCCTC 3492 

1 145 VVYAL1SAIPA1LNVLLVCL 1164 

3493 ATTTTCTGGCTCGTATTTTGTATCTTGGGAGTAAATTTATTTTCTGGGAAGTTTGGAAGG 3552 
1 165 IFWLVFCILGVNLFSGKFGR 1184 

45 

3553 TGCATTAACGGGACAGACATAAATATGTATTTGGATTTTACCGAAGTTCCGAACCGAAGC 3612 
U85CINGTD1NMYLDFTEVPNRS 1204 
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3613 CAATGTAACATTAGTAATTACTCGTGGAAGGTCCCGCAGGTCAACTTTGACAACGTGGGG 3672 
1205 QCNISNYSWKVPQVNFDNVG 1224 

5 3673 AATGCCTATCTCGCCCTGCTGCAAGTGGCAACCTATAAGGGCTGGCTGGAAATCATGAAT 3732 

1225 NAYLALLQVATYKGWLEIMN 1244 

3733 GCTGCTGTCGATTCCAGAGAGAAAGACGAGCAGCCGGACTTTGAGGCGAACCTCTACGCG 3792 
1245 AAVDSREKDEQPDFEANLYA 1264 

10 

3793 TATCTCTACTTTGTGGTTTTTATCATCTTCGGCTCCTTCTTTACCCTGAACCTCTTTATC 3852 
1265 YLYFVVFIIFGSFFTLNLFI 1284 

3853 GGTGTTATTATTGACAACTTCAATCAGCAGCAGAAAAAGTTAGGTGGCCAAGACATTTTT 3912 
15 1285 GVflDNFNQQQKKLGGQDIF 1304 

3913 ATGACAGAAGAACAGAAGAAATATTACAATGCAATGAAAAAGTTAGGAACCAAGAAACCT 3972 
1305 MTEEQKKYYNAMKKLGTKKP 1324 

20 3973 CAAAAGCCCATCCCAAGGCCCCTGAACAAATGTCAAGCCTTTGTGTTCGACCTGGTCACA 4032 

1325 QKP1PRPLNKCQAFVFDLVT 1344 

4033 AGCCAGGTCTTTGACGTCATCATTCTGGGTCTTATTGTCTTAAATATGATTATCATGATG 4092 
1345 SQVFDVIILGLIVLNMIIMM 1364 

25 

4093 GCTGAATCTGCCGACCAGCCCAAAGATGTGAAGAAAACCTTTGATATCCTCAACATAGCC 4152 
1365 AESADQPKDVKKTFDILNIA 1384 

4153 TTCGTGGTCATCTTTACCATAGAGTGTCTCATCAAAGTCTTTGCTTTGAGGCAACACTAC 4212 
30 1385 FVVIFTIECL1KVFALRQHY 1404 

4213 TTCACCAATGGCTGGAACTTATTTGATTGTGTGGTCGTGGTTCTTTCTATCATTAGTACC 4272 
1405 FTNGWNLFDCVVVVLSIIST 1424 

35 4273 CTGGTTTCCCGCTTGGAGGACAGTGACATTTCTTTCCCGCCCACGCTCTTCAGAGTCGTC 4332 

1425 LVSRLEDSD1SFPPTLFRVV 1444 

4333 CGCTTGGCTCGGATTGGTCGAATCCTCAGGCTGGTCCGGGCTGCCCGGGGAATCAGGACC 4392 
1445 RLARIGRILRLVRAARGIRT 1464 

40 

4393 CTCCTCTTTGCTTTGATGATGTCTCTCCCCTCTCTCTTCAACATCGGTCTGCTGCTCTTC 4452 
1465 LLFALMMSLPSLFN1GLLLF 1484 

4453 CTGGTGATGTTCATTTACGCCATCTTTGGGATGAGCTGGTTTTCCAAAGTGAAGAAGGGC 4512 
45 1485 LVMFIYAIFGMSWFSKVKKG 1504 

4513 TCCGGGATCGACGACATCTTCAACTTCGAGACCTTTACGGGCAGCATGCTGTGCCTCTTC 4572 
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1505 SGiDDlFNFETFTGSMLCLF 1524 

4573 CAGATAACCACTTCGGCTGGCTGGGATACCCTCCTCAACCCCATGCTGGAOjCAAAAGAA 4632 
1525 QITTSAGWDTLLNPMLEAKE 1544 

5 

4633 CACTGCAACTCCTCCTCCCAAGACAGCTGTCAGCAGCCGCAGATAGCCGTCGTCTACTTC 4692 
1545 HCNSSSQDSCQQPQIAVVYF 1564 

4693 GTCAGTTACATCATCATCTCCTTCCTCATCGTGGTCAACATGTACATCGCTGTGATCCTC 4752 
10 1565 VSY11ISFLIVVNMYIAVIL 1584 

4753 GAGAACTTCAACACAGCCACGGAGGAGAGCGAGGACCCTCTGGGAGAGGACGACTTTGAA 4812 
1585 ENFNTATEESEDPLGEDDFE 1604 

15 4813 ATCTTCTATGAGGTCTGGGAGAAGTTTGACCCCGAGGCGTCGCAGTTCATCCAGTATTCG 4872 

1605 1FYEVWEKFDPEASQFIQYS 1624 

4873 GCCCTCTCTGACTTTGCGGACGCCCTGCCGGAGCCGTTGCGTGTGGCCAAGCCGAATAAG 4932 
1625 ALSDFADALPEPLRVAK.PNK 1644 

20 

4933 TTTCAGTTTCTAGTGATGGACTTGCCCATGGTGATGGGCGACCGCCTCCATTGCATGGAT 4992 
1645 FQFLVMDLPMVMGDRLHCMD 1664 

4993 GTTCTCTTTGCrTTCACTACCAGGGTCCTCGGGGACTCCAGCGGCTTGGATACCATGAAA 5052 
25 1665 VLFAFTTRVLGDSSGLDTMK. 1684 

5053 ACCATGATGGAGGAGAAGTTTATGGAGGCCAACCCTTTTAAGAAGCTCTACGAGCCCATA 5112 
1685 TMMEEKFMEANPFKKLYEPI 1704 

30 5113 GTCACCACCACCAAGAGGAAGGAGGAGGAGCAAGGCGCCGCCGTCATCCAGAGGGCCTAC 5172 

1705 VTTTK.RKEEEQGAAV1QRAY 1724 

5173 CGGAAACACATGGAGAAGATGGTCAAACTGAGGCTGAAGGACAGGTCAAGTTCATCGCAC 5232 
1725 RKHMEKMVKLRLK.DRSSSSH 1744 

35 

5233 CAGGTGTTTTGCAATGGAGACTTGTCCAGCTTGGATGTGGCCAAGGTCAAGGTTCACAAT 5292 
1745 QVFCNGDLSSLDVAKVKVHN 1764 

5293 GACTGAACCCTCATCTCCACCCCTACCTCACTGCCTCACAGCTTAGCCTCCAGCCTCTGG 5352 
40 1765 D * 1766 

5353 CGAGCAGGCGGCAGACTCACTGAACAC AGGCCGTTCGATCTGTGT1 1TI GGCTGAACG AG 5412 

5413 GTGACAGGTTGGCGTCCATTTTTAAATGACTCTTGGAAAGATTTCATGTAGAGAGATGTT 5472 

45 

5473 AGAAGGGACTGCAAAGGACACCGACCATAACGGAAGGCCTGGAGGACAGTCCAACTTACA 5532 
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5533 TAAAGATGAGAAACAAGAAGGAAAGATCCCAGGAAAACTTCAGATTGTGTTCTCAGTACA 5592 
5593 TTCCCCAATGTGTCTGTTCGGTGTTTTGAGTATGTGACCTGCCACATGTAGCTCTTTTTT 5652 
5 5653 GCATGTACGTCAAAACCCTGCAGTAAGTTAATAGCTTGCTACGGGTGTTCCTACCAGCAT 5712 

5713 CACAGAATTGGGTGTATGACTCAAACCTAAAAGCATGACTCTGACTTGTCAGTCAGCACC 5772 
5773 CCGACTTTCAGACGCTCCAATCTCTGTCCCAGGTGTCTAACGAATAAATAGGTAAAAGAA 5832 

10 

5833 AAAAAAAAAAAAAAAAA 5849 
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Human SNS ^ sequences 



SEQ.LD.NO:3 

5 

ATCCTAGGGCAGGCTGTTTTATTCCCGCCTCCTGAGGCCTTTCTGAGGATCTGTGGCTTG 
TCTCTGTCCTGAGGGTGAAGATGGATGACAGATGCTACCCAGTAATCTTTCCAGATGAGC 
GGAATTTCCGCCCCTTCACTTCCGACTCTCTGGCTGCAATTGAGAAGCGGATTGCCATCC 
AAAAGGAGAAAAAGAAGTCTAAAGACCAGACAGGAGAAGTACCCCAGCCTCAACCTCAG 
10 C 

TTGACCTAAAGGCCTCCAGGAAGTTGCCCAACTCTATGGCGACAATCCTCGGAGGCTTT 



SEQ.I.D.NO.4 

1 5 CGCTCTGTGAAG AAGCTGGTCAACGTGATTATCCTCACCTTCTTTTGCCTCAGCATCTTT 
GCCCTGGTAGGTCAGCAGCTCTTCATGGGAAGTCTGAACCTGAAATGCATCTCGAGGGAC 
TGTAAAAATATCAGTAACCC 

SEQ.LD.NO.5 

20 TAAAAATATCAGTAACCCGGAAGCTTATGACCATTGCTTTGAAAAGAAAGAAAATTCACC 
TGAATTCAAAATGTGTGGCATCTGGATGGGTAACAGTGCCTGTTCCATACAATATGAATG 
TAAGCACACCAAAATTAATCCTGACTATAATTATACGAATTTTGACAACTTTGGCTGGTC 
' H 1 1 " I'CTTGCCATGTTCCGGCTG ATG ACCCA AGATTCCTGGGAG AAGCTTTAT 

25 SEQ.LD.NO.6 

ACTACTGGGTCTACTCAGTCTTCTTCTTCATTGTGGTCATTTTCCTGGGGCTCCCTTCTA 
CCTGATTAACTTAAACCCTGGCTGTTGTTACCATGGGCATATGAGGAGCCGAACAAGAAT 
GTAGCTGCAGAGATAGAGGCCCAGGAAAAGATGTTCAGGAAGCCCAGCAGCTGGTTAAA 
G 

30 

SEQ.I.D.NO.7 

TATCACTGGACCACTTTGATGAGCATGGAGATCCTCTCCAAAGGCAGAGAGCACTGAGTG 
TTGTCAGCATCCTCACCATCACCATGAAGGGTAAGTTCCACATCCCAATCCAAGGGAAAG 
TCTACTTCAGTGATGTCCTTCCATTCTTCTTCTTCCCAATCCCCTAGAAGCCCTCTGCAA 

35 

SEQ.I.D.NO.8 

GAGAAATCTGGATTGCCTCAGAGCTAATTCCTCAACCTCTCGCGCATTCTCCTCCAGAAC 
AAGAAAAATCACAAGAGCCTTGTCTCCCTTGTGGAGAAAACCTGGCATCCAAGTACCTCG 
TGTGGAACTGTTGCCCCCAGTGGCTGTGCGTAAAGAAGGTCCTGAGAACCGTCATGACGG 
40 TCCCGTTTACTGAGCTGGACATCACGATCTGCATCATCATCAACACAGACTTCTTGGACA 
TGGAGCATCACAAGATGTAAGGCAACGTATTGGAGACGATGTTGAATATAGGGCAGTAG 

SEQ.I.D.No.9 

GCAG ATGGAGTTCGCTTAACTGGCTTTTCTCCGTTTTCGTTCGTCGC 1T1 TI'CTAC AGCT 
45 CAGGTCTTCAAGTACCAAATCCTGGCCAACTTTGAACACACTAATTAAGATAATCCGGCA 
ACTCTCGTCGGAGCCCTTGGAAGCCTGACTGTGGTCCTGGTCATTGTGATCTTTATTTTC 
TCAGTAGTTGGCATGCAGCTTTTTGGCCGTAGCTTCAATTCCCAAAAGAGTCCAAAACTC 
TGTAACCCGACAGGCCCGACAGTCTCATGTTTACGGCACTGGCACATGGGGGATTTCTGG 
CACTCCTTCCTAGTGGTATCGCGCATCCTCTTGCG 

50 

SEQ.I.D.NO.10 

CTCTGTACCAAAGACCCTGGGCGTCAGGCATGATTGGACTTGGTTGGCACCACTTGCGGA 
GGAGGAAGATGACGTTGAATTTTCTGGTGAAGATAATGCACAGCGCATCACACAACCTGA 
GCCTGAACAACAGGTATGAAGGTTCACACATAGACTTAAAGGTCATACAAAGCTGGAGTT 
55 ATCACAGGGCACTGGTAGCCTACCCTTTTCTAGGCACTATGCAAGGATAATAAGGATTCT 
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CGTACGCACGGGTACGATTCG 



SEQ.I.D.NO.11 

CAGACAATGAGAAACTCCGTACTACTATGGTGAAAGAAGGTCTTAGTAAAAGGCACCCCC 
TTCCTTTTGTTCTGATGTGCAGAAGTCTGATGTTACCAGTATACTATCAGAATGTAGCAC 
CATTGATCTTCAGGATGGCTTTGGATGGTTACCTGAGATGGTTCCCAAAGAAAAATTTCC 
AGCGAl J I 1 1 CGTACCAACGGTTACGCTTCGAAGG 



SEQ.I.D.NO.I2 

TTAGAATTCCGAATCTAACCGTCGTACGAGAATCCTGGAATCCTCTAACTTAATGG 

AATTAGAACCTTCCGGATCTACGAGCACTGAGGCCTCTCGTGCGCTGTCCCAGTTTGAAG 

GAATGAAGGTACATTCTGCAGAAGAATGGGTAGAAGTTCAGTTAACAGAGAAAGGTGGA 
A 

AGACCAACAGTTCTTTTTGGGCTGAGATTTCCTTAAATTGCCAAGCTTTTCCTGGGTTAC 

TTACCAGCCTGCCCAGTGCTTAGAATTTGAGGGGTAGAGAAAAGCCTAAGATATACTTTC 

TACCCTAAAAGCTTCTGTGACAGCCAAGATGAGCTGTAGCGAAGGAATTC 

SEQ.I.D.NO.13 

GGTGCATCCCTACCCCATCTGTTATGGTTTTCCTTTGCTTTTGTTTTCCATAAGGTGGT 
GGTCAATGCTCTCATAGGTGCCATACCTCCCATTCCTGAATGTTTTGCTTGTCTGCCTCA 
TTTTCTGGCTCGTATTTTGTATTCTGGGAGTATACTTCCTTTTCCTGGAAAATTTGGGAA 
ATGCATTCAATGGAACAGACTTTTAGGAATTTCCAGCGATTCCT 

SEQ.LD.NO. 14 

ATCAGTATTATTCATGTTTTTCTGCTTTTTTTGCAGGCACAATTTAAGGGCTGGATGGAT 

ATCGTTTATGCAGCTGTTGATTCCACAGAGGTGAGTCAGTGTTCTACCATGTTCGGCAGT 

GTTATGGTCAAGTCAGAGATATCATGACTACATGGACAGTCCAGAACTGGCGTCATAGTT 

CCAGCAGCTGGGGTTCTCTGCCTTGTTTCCTTTGGAACAAAACACTATGAGATACCACTG 

CCTA 



SEQ.LD.NO. IS 

ATCCACCCCAGGCCCCGCCACATGCCATCACTCCAAGCTGAGCTGCGAAAACTGAAAGAC 

AGGCTCCCAACAGGGGCTATGGCTGTTAGGAAGAGGCTATGTAGTCAATGTTGCTGCTAA 

GAAACACCTTGGTCTTCTAGATAAGGTAGTTAGAATGCTTATATTTTTCTCCAGTAATTG 

nil J 1 1 CTCTTATTAAAAAAATTTCTAACAG A A AG AAC A AC AGCCAGAGTTTGAGAGCA 

ATTCACTCGGTTACATTTCTTCGTAGTCTTTATCATCTTTGGCTCATTCTTCACTCTGAA 

TCTCTTCATTGGCGTTATCATTGACAACTTCAACCAACAGCAGAAAAAGATAAGTATCTG 

GGTTGTCTTGATTTGGTAATTGTATCTCTGTCCTCCAAAGAAGGAATCC 

SEQ.LD.NO.I6 

TTTCCCAGACAATACAAGGTCTCGTGTGCCCATAGCCCAGGCAGTCTTTTCGACATCATC 

ATAAGCTCATACCTAAACCATGATTGGCTTGATGGCCTAAATATACAACCAACCCCAAAG 

CCATGGAATCCATCCTTGACCATCTCCAACTGGGTCTTTGTGGTCATCTTTACGTTAGAA 

TGTCTCATCAAAATCTTTGCTTTGAGGCAATACTACTTCACCAATGGCTGGAATTTATTT 

GACTGTGTGGTCGTGCTTCTTTCCATTGTTAGTAAGTAAAATCAGCAGTCAGAGGGACTT 

TAAGAACCAGAAGTAAGTTTGTAAATCTTATCATTTTTTGAAGTTTGTTCAAACTATCCA 

CAAAGCAGAAAACTGGGCCAAGTGTACTTTCTGAAAGAATAGACAGGGGTACTAATGCCA 

TTCTCTACTGGGAAGTTGCTAGGAGATAGGAGGCGGTAAATTTCTGGTTCCCCTTAACTC 
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ACTACACAACTGAAATAGAGTTCAATAATCATGCAGCTAATGTATTCAATGGAAATAGAC 
AAAATTAAAATGACTCAGAAGTTTTTGTGGTGGTAGAAAAATTTC 



SEQ.I.D.NO:17 

TGACCAAGGTGGACCAAAATGACTTGGGAAAACGGGCCTCATTCACCACTCCAGACTCTT 
TGCAATGGAGACTTGTCTAGCTTTGGGGTGGCCAAGGGCAAGGTCCACTGTGACTGAGCC 
CTCACCTCCACGCCTACCTCATAGCTTCACAGCCTTGCCTTCAGCCTCTGAGCTCCAGGG 
GTCAGCAGCTTAGTGTATCAACAGGGAGTGGATTCACCAAATT 
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Figure 1 
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Figure 2 

Rat SNS^- cDNA sequence (kb) 

I 2 3 4 3 

Human SN^ A sequences 
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Figure 4 
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Lane 1 DRG 

Lane 2 Spina! cord 

Lane 3 Total brain 

Lane 4 AdrenaS giand 

Lane 5 Heart 

Lane 6 PC 1 2 

Lane 7 PC 12 +NGF 

Lane 8 RNA Markers (GIBCO 0.24 - .5 kb RNA ladder) 
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Figure 5 
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Figure 7 
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Lane 1 Control DRG 

Lane 2 DRG + 24 hours complete freunds adjuvant (CFA) 

Lane 3 DRG + 24 hours sciaitic nerve cut 

Lane 4 DRG + 48 hours sciatic nerve cut 

Lane 5 DRG + 7 dys hours sciatic nerve cut 
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Figure 8 
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Figure 10 
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I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor 
(if plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention 
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the specification of which (check only one item below): 
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[ ] was filed as United States application Serial No on and was amended on 

(if applicable). 
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Resulations, §1.56 and all information which became available between the filing of the prior application and the national 
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I hereby claim the benefit under Title 35. United States Code. §120 of any United States application(s) or §365(c) of any PCT international application(s) 
designating the United States of America that is/are listed below and. insofar as the subject matter of each of the claims of this application is not disclosed 
:r provided by the first paragraph of Title 35. United States Code. §1 12. I acknowledge the dutv to disclose 
n Title 37. Code of Federal Regulations. §1.56 which became available between the filing date of the prior application(s) 
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j hereby declare that all statements made herein of my own knowiecge are true and that all statements made on information and belief are beiieve to be true, and 
= inner that these statements were made with the knowledge that wilful false statements and me like so made are punishable by fine or imprisonment, or both under 

!} jeopardise the validity of the application or any patent issued thereon 



i sction 1001 of Title 1 8 of the United States Code and that such wilful false 



7 hereby appoint NIXON & VANDERHYE P.C., 1100 North Glebe Rd., 8 ,h Floor, Arlington, VA 22201-4714, telephone number (703) 816-tOOO (to 
• nom all communications are to be directed), and the following attorneys thereof (of the same address) individually and collectively my attorneys 

j i prosecute this application and to transact all business in the Patent and Trademark Office connected therewith and with the resulting patent: Arthur 
j; . Crawford. 25327: Larry S Nixon, 25540: Robert A. Vanderhye, 27076, James T. Hosmer. 30184; RobertW. Faris, 31352: Richard G Besha. 

~ 2770: Mark E. Nusbaum. 32348. Michael J Keenan. 32106. Bryan H Davidson. 30251 Stanley C Spooner. 27393, Leonard C. Mitchard, 29009, 

" uane M. Byers, 33363; Jeffry H Nelson, 30481, John R. Lastova, 33149, H Warren Burnam. Jr 29366, Thomas E. Byrne, 32205, Mary J. Wilson, 
2955; J. Scott Davidson, 33489, Aian M Kagen, 36178: William J. Griffin, 31260; Rooert A Molan 29834; B J Sadoff 36663 James D Berqttist' 

;| 1776; Updeep S Gill. 37334. 
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